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Away mounted plow pulls 
beams and bottoms from proper pivot-point of plow frame—to prevent 
cutting in or out on curves. Break-Away safety release, also built into plow, 


prevents damage by buried stones or stumps. Two and 3-bottom sizes. 
For all three sizes of Case Tractors with Eagle Hitch. 


Six-Cylinder...5-Plow CAS 


ee 
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ning on unplowed land, the other in furrow, give positive depth control 
in uneven ground. 


Field or sla 


Pasture Renovation Harrow has 24 or 26-inch 
blades spaced 101% inches apart to bite deep in 
hard, sod-bound, overgrown soil. Makes way for 
lush grass on rough, stony, stumpy land. 


eo 


shes and beats trash into bits, 
to remain as mulch or mix with soil for humus 
formation. Shreds corn and cotton stalks, potato 
vines, sage brush, other wild growth and crop 
residues. 


IESEL Tractor 


Soil and water conservation practices are es- 
sentially good farming, and should be applied 
mainly with regular farm machinery. Case im- 
plements are designed with an eye to making 
— conservation methods easy and econom- 
ical. 

The new Case Diesel Tractor, shown at 
left, is available factory-equipped with power 
steering, also with constant power take-off and 
dual-valve constant hydraulic control, mak- 
ing it the most complete of farm diesels. Mul- 
tiple cylinder heads, single-plunger injection 
pump, and a six-point fuel filtering system 
combine diesel fuel economy with the upkeep 
economy for which Case machines are known. 


J. I. Case Co., Racine, Wis. 
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chosen for forage harvesters 
by eighteen famous names! 


Gert and Weta 
Srady « Cobey 


Dearborn Mot — —_— ‘eo ° ° 
a na aay: To earn and hold this “majority approval,” Blood Brothers Universal Joints 
eiten’ s eal and Drive Lines must be right for the job. And they are! 


Mew Holland To make certain, Blood Brothers’ engineers work closely with the manu- 

George White © facturers of forage harvesters ... and innumerable other kinds of farm 
implements. Knowing the power transmission problems of the field helps 
Blood Brothers excel in building joints that farmers favor . . . for dependable, 
long-lived operation. 


If your implements are not getting the advantages of Blood Brothers’ per- 
formance and prestige, write for full information. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED. 
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BLOOD BROTHERS machine division 


Rockwell Spring and Axle Company 
ALLEGAN, MICHIGAN 
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HOW THE NEW 


McCormick FARMALL 


provides the greatest 
flexibility in power application 
ever built into a farm tractor 


With new Torque Amplifier and completely inde- 
pendent power take-off, the Farmall Super M-TA op- 
erator can change tractor speed and boost pull power 
on-the-go, to match crop and field conditions, while 
keeping pto-driven machines at constant rated speed. 


TORQUE AMPLIFIER 
PLUS 5-SPEED TRANSMISSION __ 


Revolutionary new Torque Amplifier 
drive is a compact, precision-made 
speed reduction unit employing plan- 
etary gearing. Principal parts are 
(A) transmission drive gear, (B) 
cam roller overrunning clutch, (C) 
planetary gearing, and (D) single- 
. disc dry clutch. The TA unit may be 
engaged or disengaged with tractor 
moving or standing still. 


1H engineering teamwork produced the new Farm- 
all Super M-TA with Torque Amplifier drive and 


In direct drive, the TA clutch is en- 
gaged (control lever forward) and 
the entire TA unit including input 
shaft, carrier, planetary gearing and 
transmission drive gear revolve in 
the same direction, and at the same 
speed as the engine crankshaft. With 
TA in direct drive, regular transmis- 
sion speeds are obtained. 


In TA drive, the disc clutch is disen- 
gaged. The resulting counter rotat- 
ing force causes the cam roller clutch 
to engage automatically, preventing 
the TA unit from rotating. TA plan- 
etary gearing then reduces speed in 
any transmission gear by 32.4 per 
cent, boosting pull-power up to 45 
per cent and adding a second speed 
to each regular gear. 


search, engineering and manufacturing men are 
constantly pooling time and talent to provide 
completely independent power take-off. TH re- equipment that makes the farmer’s work easier. 


International Harvester products pay for themselves in use — McCormick Farm Equipment and Farmall Tractors . 


Motor Trucks.. 
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. Crawler Tractors and Power Units .. 


- Refrigerators and Freezers—General Office, Chicago 1, Illinois 
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Crucible now makes 
COULTER BLADES... 


We're now making a full line of coulter blades... because 
customers asked for them. And you'll find this new product of 
the same high quality that has made other Crucible agricultural 
steels — moldboards and LaBelle discs — a favorite of farmers 
everywhere. 

You can get Crucible coulter blades in all standard sizes and 
to meet any specification ... with or without cut-outs. Let us 


know your requirements. 


Knee 
U da CRUCIBLE first name in special purpose steels 


5A yeas of Fone steclmaking AGRICULTURAL STEELS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REZISTAL STAINLESS © REX HIGH SPEED * TOOL © ALLOY © MAX-EL * SPECIAL PURPOSE STEELS 
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Torrington DC Needle Bearings have 
a talent for simplifying complex de- 
sign problems. 

Because of their small size, hous- 
ings and related members can be 
made smaller and lighter, shaft di- 
ameters can be increased for added 
strength, and smaller shaft-center 
distances can be employed. 

These benefits are a direct result of 
the Needle Bearing’s unit construc- 
tion. The drawn and hardened outer 
shell, when pressed into a recom- 
mended housing bore, serves as the 
outer race. A full complement of 
small-diameter rollers provides many 


Cummins Portable Electric Drill—product of John Oster Manufacturing Co., Milwaukee, Wis. 


“See how NEEDLE BEARINGS Simplify Design’ 


lines of contact for high radial load- 
ing. What’s more, a hardened shaft 
serves as a low cost, high quality 
inner race. 

The turned-in lips of the Needle 
Bearing retain lubricants effectively 
and help insure iong service life. 

Why not incorporate these advan- 
tages into your product? Our engineer- 
ing staff will be glad to help you with 
your anti-friction problems. 


THE TORRINGTON COMPANY 
Torrington, Conn. « South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON 


Weedie © SphericalRoller © Tapered Roller © Cylindrical Roller © Ball © Needie Rollers 
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Tractors, harvesters, combines, 
mowers and many other farm ma- 
chines produced by leading manu- 
facturers utilize Torrington Needle 
Bearings to good advantage. In main 
drives, crankshafts, gearboxes, idler 
pulleys, steering gears, hydraulic 
pumps and a host of other assem- 
blies, Needle Bearings take the pun- 
ishing loads of daily farm use. 
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Converts Semi-Mounted Corn Picker 


Frank Spoor (right) 
shows Texaco Man 
Charles Gripe, of Bat- 

tle Creek, the one- 

pin hitch. Mr. Spoor 
uses Texaco Marfak 
lubricant on his 
equipment. ‘“‘It 
sticks to bearings better 
and longer. It seals out 
grit and dirt’, he says. 


RANK SPOOR, ingenious farmer of Ceresco, Michi- 

gan, saw a way to save the time and labor of . 
attaching his semi-mounted corn picker to his tractor 
—by converting it into a pull-type with only one 
hitch to make. . 

Mr. Spoor put the picker on wheels by installing an old Chevrolet 
front axle and using a wheel and tire off his combine which 
matched up with the wheel and tire already on the 
picker. A welded channel iron provided the hitch, 
and hydraulic power was employed to raise and 
lower the points. 

“The picker stays in the rows slick as a but- 
ton,” says Mr. Spoor, “and when I’m through 
I simply pull the hitching pin. I’m saved all 
the time of mounting and detaching the 
picker from the tractor.” 

Mr. Spoor finds that ## pays to farm with 
Texaco Products. 


A salute to three 

brothers, born blind, 
who have served farm- 
ers, ranchers and 
Texaco for over thirty 
years around Yemassee ‘ fe i 
and Beaufort, South § i ; . &§ ini , 
Carolina. TheGregorie 3 t “a : 4 In town or onthe highway, farmers and ranchers THE 
brothers (left to right,  Siyeezc ®.. z ’ find the best friend their cars have ever had TEXAS 
A. F., L.R., and J.M.) J —  —— “} is the Texaco Dealer. He has new top octane COMPANY 
proudly exhibit 30-year Sky Chief, Super-Charged with PETROX... plus 
gold watches given famous Fire Chief, at regular price. Both 
them by Texaco. These gasolines are 100% Climate-Controlled ...for 
men give the friendly top performance in all 48 states. Also, Texaco 
neighborly service that Dealers have Advanced Custom-Made 
is typical of Texaco Havoline, the motor oil that wear-proofs your 
Men from coast to coast. engine for the life of your car. 


DIVISION OFFICES: Atlanta 1, Ga.; Boston 17, Mass.; Buffalo 3, N. Y.; Butte, Mont,; Chicago 4, Ill.; Dallas 2, Tex.; Denver 5, Colo.; Houston 1, Tex., 
Indianapolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 3, Minn.; New Orleans 12, La.; New York 17, N. Y.; Norfolk 1, Va.; Seattle 11, Wash. 


Texaco Petroleum Products are Manufactured and Distributed in Canada by the McColl-Frontenac Oil Company Limited. 
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Purolator maintains the world’s largest 
specialized filter research and engineering laboratories 
... always ready to serve you! 


catalogs are yours for the asking. Just mail us the 
coupon, indicating which ones you wish. 


Whether you need one special filter, or a million of 
a kind... your best source is Purolator! 


, filter problems—small or large—are always 
welcome at Purolator’s Engineering Department. 


If you find that none of the nearly one thousand 


types of standard Purolator* filters will fill the bill 
... we'll design one especially for you! 


But before you decide on a custom-designed unit, 
you'll want to study the many kinds of Purolators 
available on order. The large, illustrated Purolator 
*Reg. U.S. Pat. Off. 

PUROLATOR PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 
Factory Branch Offices: Chicago, Detroit, Los Angeles 


There's a PUROLATOR for every filter need 


Lube oil Air Foods Adhesives 
Fuel oil Chemicals Cosmetics Inks 
Hydraulic Fivid Pharmaceuticals Paints Beverages 
Gasoline 


Here’s the KEY to your filter roblems— 


Purolator Products, Inc., Rahway, N. J. 
Send the following Purolator catalogs: 


O Industrial O Aviation O Automotive O Fleet 
a 
Company 


Address. 
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Heat Transfer Products for Automo- 
tive, Agricultural, Industrial, Gas 
and Diesel Engine Application. 


YOUNG RADIATOR COMPANY 


Shell and Tube Automotive and 
Hect Exchangers Industrial Radiators 


you get 
more than cooling 
when you... 


LONG-LIFE RADIATORS 
—Built to last the life 
of the tractor. 


RUGGED CONSTRUC- 
TION—in either sheet 
metal, cast iron or 
welded steel. 


TROUBLE-FREE SERVICE 
—Industry-proved Ra- 
diators with choice of 
stationary, removable 
one-piece, or remov- 
able section cores. 


USER SATISFACTION— 
Young Radiator de- 
pendability helps build 
product preference, 


Young specialized Radiator design offers many extra advantages 
desired by leading tractor manufacturers. You get sturdy stiffening 
features for longer radiator life . . . vibration control mountings .. . 
restraining core side baffles .. . corner web reinforcing ... and many others. 

Whatever your tractor cooling problem may be, always specify Young. 
We invite your inquiry . .. without obligation. For complete information 
write Young Radiator Company, Racine, Wisconsin, 


COOLING Farm Tractors Hammer Mills Sprayers 


EQUIPMENT Threshers Generator Farm Trucks 
Combines Sets Specialized 
Garden Tractors Pumps Equipment 


Heating, Cooling, Air Conditioning 
Products for Home and Industry. 


Sy Geosiee 


NSIN e PLANTS AT RACINE, WIS. AND MATTOON, ILL. 


\ aie 


Unit Convector “YAC" Air Heating and “*HC"' Cooling and 
Heaters Radiators Conditioners Cooling Coils Condensing Units 
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Always within’easy reach .. 


Hyatt’s : 

New 

Line of 
Dual-Purpose, 
Self-Aligning 
BARREL 
BEARINGS! 


CATALOG B-154 


Got a bearing problem? Just reach for Hyatt’s 

new Barrel Bearing Catalog! This is one catalog 
engineers have been waiting for, because it’s 
essentially a guide to lower maintenance costs! 
Barrel Bearings are not only dual-purpose in design; 
they’re also self-aligning. They operate with full 
efficiency under misalignment conditions 

which cause excessive wear in ordinary bearings. If 
your job involves bearing specifications, make 

sure you have Hyatt Catalog No. B-154. It puts a 
complete line of Barrel Bearings right at your 

finger tips. Write to Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. 
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For nearly half a century, leading tractor, truck 
and trailer manufacturers have learned to de- 
pend on The Cleveland Welding Company for 
high-quality, lightweight rims designed for 
strength and safety. 


The above view shows a part of our stock of 
finished rims and a section of the overhead con- 
veyor which helps to streamline our mass-pro- 
duction system. We can fill your needs for 
Cleve-Weld Protecto-Tire Rims. 


Because of our economical production 


Deep-Well, Attached-Clamp 
Tractor Rim 


Wide-Base, Depression-Type 
Tractor Rim 


methods and favorable location, we are able to 
afford you significant advantages as your pri- 
mary source for production-quality rims. May 
we talk it over? Write THE CLEVELAND 
WELDING COMPANY, W. 117th St. & Berea 
Rd., Cleveland 7, Ohio. (Subsidiary of Ameri- 
can Machine & Foundry Company, New York.) 


Another Am?) Product 


Deep-Well, Drop-Center 


Tractor Rims Tractor Rims 


Wide-Base, Attached-Clamp 


e pe ee Pita tay ts met ee, mom + fe 4 eee 4h a ees, oe ee. Se ee ee i Fee 7 - S.* , a hae bay 
Alcea es ne 1 oem ck cee aha Saks Sapa cece seas ee: ‘Cee 2 kee ES Pens = 52> lc) See aah art: 4 Sore ae oars el Se vy: 
(a ee ahs Poe ae Ac SS hee re SE sa ie eS “OS elas a. US BeBe aa eee Ne mre 
RR Sa ee ‘ bal: SMA SoS 2 eee Oe , Pee ae eae Soe + Ty TRA eae | PSE: ao. ees See re ee Mie gia 
Ba Se oes ee is MRR os mes EN «3 a Ce aE eno a mea LC) ithe aa 
a Se As wt ay ag ae ne eo ei See ee gee ie he ‘ i, on ee ‘ ne ESSE Y Eine ey oaee ee oO eS MMN Cste 
CR eee Ae ‘ <n. Simei: wi Sas “he a RR oe oe em em el 
Re att Sei LES OIG Dates cer Son! SS 2 aa 5 ecg CR 5 aa a Be ek : e Be ally roel os ee eerie peg ETDS" SoA | a 
ge ae ee, ee ig eae Eee: | Se ee. Oe A er en US yee ray nc a ee sty mm OR? pero Cra: = Ene ama 
as Mea} ome oe 2 WIRD Geisler eae ca cook cael ha peat ere mime to, as 
Ce 8 ue eT ea ge ce Tan ae ree | Rete oer Te oa se VN or) 
ote ee Penna Sete hes 4 amok? ita ale ee camagen TE an tal EE ti, eae a — _ ea pie 
eS oes AS Sas Sete pees (olin Une ie x Seana MSs an ed : a “a je 2 —_ es | a | Pee Wee ce ole 
oMesereen lin i, ea? re digi eerey Ores ae te PT no aN GR ete bce pe ae -_ aM a I one ee Maes 
Hee ani) She camel ecm are rae tee i ‘% i,t ——_— - ae ae pre oe 
ee ye a USE, ts amin a alm Repent Ngo or Saas Gea eee ae by ae” oe - 3 aS. eee eee, | Seer « 
eaeeng he pease ts eek aS See es ae as ——f = AS Se Eee 
ee. aed tee coatapeer 527°." “ORL ites ar i a te = pee —, fee ee 
fe = ie ae mae an a" Pee ag Gc. get aa ey 
PV 2) tt |e ore ee es s | ae Gs ees Aree) oo 
a ae ou | So. SO =. FZ os tte Wee 
te aie : ae a Pre i as ee a; RS ce . ~ fa sane 
ete it 7 9 neem -e, Ses een Si aN Oty « oe ea Maes 
‘pe. ie BA PG. See, |: Stee ee ce) Pe 
eee he s Ee oe “ss wee. ee: See Pe | meses Mons 
tees 4 _ AN eee fa Bee ee Sot 
ey rh a @ al . a po ire 4 asm ai ge Aone 
os 7 es ss q yl : epee Sd . -—. * ee eee i 
ee _ + -— ca | ma 7 SF i fre. eas Se Z i ay ‘ eS oe Ae 
ae es oes tase canals a SS a a ee ee age 
C1 aan “r Perea i RA one ae Pc exes Vere 
Se pe. ok 7 py Se ae 3 pee cc mm ie a 4 ay ye wee eee. 
att ee , ei os a ae oe uu igor WM 486 2 ane | ee ig eee 
Re Mees at bea se g ee ae 2. % ah, tn ee ad SS Gee eee 
Cigciaeatae — ema ped terete ae Ps we aa? ce (ee Sa SS ae ee a 
Poo Sere , “i " el eee. ae em oe PE a. NER Re ee es. ee * 2 
put YS ec) Ve f ~~ TA Boek |” r — Ee gee , a ... 4 E 7 Basi. "Sa a. ae eee ah - eh 
oe) rey , be Wks a le ies, | lee * i we eae Sle ag NS ES as ee eos 
i a ee ties a Ps ie ee eee bie [oe ee -) fie >, * 7 ES. A it i ee es | 8 epee SE Se 
ee fa Bs ee aoe ie | [ca = See ee ) . io © ee Wes oe At. See oe oe ST 
BAe NS) eae Been fale f. as VO MAS ee eat ae Sag ie f Zhe Ss ee arto! Ware Mena fed “a Of eS, kao Poe 
[PON eeecces, | velerae Sy * ee. ey tdi aE et 5 - j ae 4 SS . ae aa. 3 gd eo. (gma 
a ae Ae, Be. af \ we Caro a: ¢ ee ie Re a tees, 4 Ue Pee es oe 
te palingay 2, 2a Saf ‘4 oi ‘Soca Moa iM 1 4 a. i Reap STEM 3) ee Se | 7 Re Sey teers, eae Sac 
Eien, ee i i Ge me ae Me Bee —— |e ae © . RE os ee a wee Ries Soe ee) ea 
ees reset 3 , cual. SE pale a a ae eg ae. 3 Stee Gems, |, ae ne ee ees 
Pine th ote A j in: eee | Bs 7 Tr" & is 4a i ae 4 ea ee 4 Be eek Se, i ee 
Oo a Pare. w=, i va E es oe “Eyer , y ip ee crt tate Ties : WMS Boxer cw te cies 
i a ee. % Nog : i, > - Bee hsp P - 7 ne oe rb pee Bw Date eee ce a a: 
et Se Seite a oes ? a \ ‘¥ ‘Se ta ge ue wD . . ae 7 = bd , : ee Nae Ro yee Sy om ieee ee te i ah 
og Sete i ane) f2 a wee | ON a 3 “£a Pt eae Bas ay aaa “ice go gues 
Rae eo ee Ke ql . 4 J 3 i ae a a a “78 if Ses a es Ot See a es aay 
Lo: Re a a A JANN 6 eee rae. SS a es ee 
Pee eis hag Pl Ve te. E “at - 2a —?" Thien se = . SEN he ee ee cea S| eee 
Poe he TTF Me be aa JC) 6) RE ew PIS LCi 
| i oo, Qe F ; aia ae. } Se | | . A 4g iy | fe “ee aisere 
aver “Sm Raa At ; all : _— _ ne J j ee. 7 ' af gti Ke tL i ae si oe 
Res fae a eae x ie | = an, = tiga ; _ mg te Ae ee ee 
i; a cap: ‘a an “s Pe ae ce Ae , oh, = } = 4 “1 f . a Tags. =" } e ahs my : a, 2% same. "4 Jaleo Wear 
oy SEES Rien as: ce “OCT MAAN pf) i ier & ares YF ~ i ep 2 — f a 3. = } He oe Seater a ll Seo Pye an eis: 
CO” ND iN et ak oe OG 4 Gra . oY hy Bed  perees <a 5 tae 
fat ee St Ba Fa. Beas eee, —— cam € F Te ae <a ae D meee 
Beis ies i . A si NS Ae 6 fie A », — 3 o.. Be fae ig “ jl * 
sat eos es bs aoe s . a . eA nF ge ae fb, , ._ 2 ‘ : ft ' % A f at es TES : ae a se 
a i Pe tn np a fe el SO MIGRATE (Laxtti\| Oe Sa 
Me ae oe er ay, Sa : iS fa _ -. > AY eae Bee ane beta, a Sap 
See eer be : a ee ee ee ath es = : ~ a, 7 yan PR ee ae . ’ oe pies 
SPO: wn ’ “ a —F_—Z, : Da = aimee: EE: 5B -—- 86h 
Sethe _ et ad ya | a ——— 44 4 et. Pere: bates @ ES Pen 5 
Mae e207 19 a a eae ad » * we ST oes “Ee : : -_ 2 : POG Abie gies ke yea Eee 
Res y 3 . i lt ee ie ed fy 7 . Gs oe 7 - oe a. . / c hb v ee Bos ‘3 Moe 4 Be gh q \. zee ee ae 
Pees St — aes. . Rs Pays i, P= 3 ¥ ck Oy ae Se ee, gts ae : . soe Tos 
ae a a + ee ras & £3", i: a. Mg tie / - ry ia F : “a : 9 Ce | aa . 0 toa i . , Ee ee . 
4 Te eae ’ eM a Mi, —— } 2 at, { 7 Aca aN 
ll Samant A . cee Aaa. — —i Glad 4 ae ome Aas A a“ mI £ eS et Gee 
ee .-, pee” hh ae, ae FS w/ Ree ar, ' 48 Yb onan \ ae rag + eg 
Ao SS ee A ee Ve 2a r+ — , pyr , i ey cae 
Pee Pee. ie >»™ > S eanettetiatied ce to % Sa cae ri aa, _— py? jad oe ome ek wh fra: 
ae ary ete >> in ee, eee, oo O- mS Ab ida Se AOC. — ae 
Frias er &, .  .  — wer fr “ “ee , i ee a 
eee 4 ae - * \ on bu , et nr 2 oo ae ss me 4 : done See Fo . i ie eins eee 
big: # a tert Ee aod in re 3 fra. mmr en roe — ° o.oo } Cc oR. Rae ea: Saal : eS a 
eee 5 2 eS sah . Fe ee a " _ > s }? ge ‘ eae 2 co ” ‘ bpaecsaaee < toe 
Bile? soem ‘ ee - al , Me cuecmemee is .s : Oe 
ae - : ——— — — ee pti 5 a : ee 
of) en ee a ee. oe ee 
See eee, 4 iii eS se) ‘ es. ge se sg a Be ae ee : $ 4 Bee ar > yee 
NN Ra, 2 : i PE 8 ok tok ee a ee we ee ee gee 
ene \\ fii RR arn ss taeda nt ee ene ca iz 
1% te | Sains Bye po Sea saat RLS. SE ee SRN Bo a acs oer 
——— a 8 alee e eae aes Ny SLU ae ty 4 SEE 
twee é mn ° - +S 3 Wes PDB a ue 
ite a ; be i 
Spl, ae 
EAE oan is 
pane tain ae 
Sn ka ae 
Pela? a= ties 
ge ¢ ie 
RG Ay \ ane 
iz peu sy 
if Rs & 
Pewee oe 
De iar 
Pea i ies Paine 
Boe st a 
wi » E % : . ond 
ao ie } ee g 
mi ee oe ee 
Sie Ma 
es “s 
0) aaa : oe a 
22 age F E= ; 
i hla Saas , ay Ti 
2 eS SS , = Os eae F , S 
eae ee 7 ah beta = 
Roe Nd i cata a . as 
ete et _ PROTECTO-TIRE RIMS < 
Pedy petor det com a ee ee Cn Ee 
ayes ; FST DTI YS IIT TE an 
Saye Spee eee 
3 a. a 
ie eg co 
os Oe ae mare 
SAG dk 5 ae eat 
a, goa. vee 
Sor Speba. «- er te 
Fup ee iia pre kg 
Pama : oe ' 
ate hee R abst so Wey, Y:. = re ‘ 4 as ~~ i 
eee oy ee = ff / a geet SAS dale ts Bhi a Bt; 
jatar : * . s\.) yy 4 % cs 
Be 7 x ; . | Ae aan Meets 
Hag oe es ; > 7 é x - 4 Fi 
zak , \ af ‘ ; ie : 
2 Pee : ' : ae a , eat ay 
ay Se Ve «@ He q , : — ee 
Hi Saige } 4 : ¢ be o Gs i . se tal eee 
‘ihe ee " 7 " a! Pd Ro oe, ieee | a 
ees aoe \ — aX ’ é ‘ f ty di is . ame: es 
Sa ae ail poe ae iy ' NOs Rr ya ‘ 
2 as es ee — ier 
ee a ees ae 
AG te Sadan ch 2 
Pape ele) daria tee 
Be. of. i . 1 : 
Shaka ek ae 
eed els pet 
ato E ae oy 
Fee hee % f 
EONS BRR ICE eee 
MUAY peat se ois 
A Sa: Ver. Pe) 
hg eee ae Se gor ag eM ia 2! ee <a at a ga tl aia eae ala 2 Vas bis a aa ‘ (bg 
ge ae Re chne a sit a Games ee oe te ae 2 eh ee clei csi see ae a ie aera: | eh are ee 
Ace sc 2S MRT Bi oo ae NE DS pie hi re ieee Babes Te Vb Rtg Seep we ae By ae ee ane es: et ree fc ee URE pipet Naps ee duel ea ae 
Jo Sigg wpe aoa ay ee Tea Be oS Ae me oh tie ee Oe ee eae Ps ae he eae be Sea Tae eS on 
pee. eee a Rare rae Sean pees a aes Buchan yg 2p: V oe: ote eee < meee ie SS aera oS Peter 
ON eae fret Nao, pie ee Ses oe = 7 pont ba - ee So Cana Meas wee 88. 2 Coneere 
(ea 7-8 WO Sie wee Se. = ay a. 2 a ? mn ‘ ee, aa ict ony as UR LR are ae ee 
eee oes se ee gag * > sy eaten “s i AZ fie: Se eee Die oe ROE a ee ein 
See Me ea Oe teeth) nm ei te REL en y he sad Renmin tates) oe < cir aL Ra Se Rec erenoe ? Eom 
Dee : a sree 5 a “ie aR agate pS SO can dog | an yeaa ‘ 


See why LINK-BELT Augers 
assure top performance 


1 


ONE-PIECE HELICOID FLIGHTING 


has greater smoothness and 
strength. Link-Belt also builds 
many different shapes in various 
metals to meet your special needs 
—cut flight, short pitch, ribbon 
flight, tapering, double flight to 
name a few. 


UNIFORM PITCH. Specialized mod- 
ern machinery assures accurate 
forming, producing uniform 
flighting curvature. 


ALL COMPONENTS needed can be 


ONLY SPECIALLY SELECTED STEELS = B® cro cutee or cone onan stone 8 


i fo ates is checked before gineered for your requirements. This 
sone eth gre shipping assemblies. Extra care is includes troughs, spouts, hangers, 
taken in handling and loading. drives. 


flight surfaces. 


Helicoid flight 
Unmounted Helicoid flighting 


TYPICAL EXAMPLES OF LINK-BELT AUGERS 


Helicoid flight with Opposed flights with 
end, plain beater center saw-tooth beater 


These are only a few of the many important 
differences in farm machine augers. Ask 
your Link-Belt sales representative 

for 92-page Data Book 2289 FARM MACHINE AUGERS 19,308 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal 
Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. 
Representatives Throughout the World. 
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Eaton 
ee—Valves 


Last Thousands of Miles Longer 


® Prevents formation of stem and 


™ Freedom to Turn in Either Direction— 
q a uneven seat deposits 


Prevents sticking and scuffing 


_ 
«© 


| ® Prevents burning and guttering 


® Effects an appreciable increase in 
valve life 


Eaton Free Valves can be applied to engines of all types and 
sizes without costly design changes. 


MANUFACTURING COMPANY 
General Offices: CLEVELAND, OHIO 


VALVE DIVISION: 9771 FRENCH ROAD ¢ DETROIT 13, MICHIGAN 


PRODUCTS: Sodium Cooled, Poppet, and Free Valves » Tappets « Hydraulic Valve Lifters «Valve Seat Inserts ¢Jet 
Engine Parts* Rotor Pumps ® Motor Truck Axles * Permanent Mold Gray Iron Castings * Heater-Defroster Units «Snap Rings 
Springtitese Spring Washerse Cold Drawn Steel» Stampings « Leaf and Coil Springs eDynamatic Drives, Brakes, Dynamometers 
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NI-RESIST | 
pray Pump § 
Castings 


Defeat Corrosion, 


$ 


Failures of spray pump bodies and impellers due to 
corrosion and erosion, have been causing many manu- 
facturers much concern for a long time. Users, too, have 
suffered .. . because many insecticides, fertilizers and 
weed killing solutions are both abrasive and corrosive. 


Some metals, which resist corrosion, fail from erosion 
and abrasion by lime, talc and other solid particles in 
slurries traveling through at high speed. On the other 
hand, metals which offer good resistance to erosion, and 
wear, often fail prematurely due to corrosion by nico- 
tinic and other acids or from chlorine compounds in 
the mix. 


Today, however, there is a ready and economical 
answer to this triple threat of corrosion, erosion and 
wear. That answer is NI-RESIST®. 


No other cast metal provides such a unique combina- 
tion of useful engineering properties. 


20 years’ unsurpassed performance in valves, pumps 
and other equipment handling corrosives and corrosive 
slurries inevitably led to the use of Ni-Resist for pump 
casings and impellers... with highly gratifying results. 


Under the severe use encountered by spray pumps on 
farms, ranches and orchards, Ni-Resist has demon- 
strated distinct superiority over bronze and gray iron, 


THE INTERNATIONAL NICKEL COMPANY, INC. 


AGRICULTURAL ENGINEERING for June 1954 


Erosion and Wear 


. 


as well as over porcelain lined steel stampings. 


Ni-Resist not only defeats corrosive attacks by 
organic acids, chlorides and other compounds in spray 
mixes, but it also resists galling and metal-to-metal wear. 


The fact that it provides maximum life per dollar 
invested, warrants universal adoption of Ni-Resist for 
spray pump bodies and impellers. 


SEVERAL TYPES OF NI-RESIST are available 
to meet a variety of demands in agriculture and indus- 
try. Get full information ...mail the coupon now. 


We es eee ee ee ee a ee ee 


can ear) SERVICE 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 


Please send me booklets entitled, “Engineering Prop- 
erties and Applications of Ni-Resist” and “Buyers’ 
Guide for Ni-Resist Castings.” 


Name 
Title 
Company 
Address 


a a a a ee KG 


67 WALL STREET 
NEW YORK 5, WN. Y. 
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DURKEE-ATWOOD V-BELT 


Simplifies Power Transmission for 
Ferguson Side-Delivery Rake 


The Ferguson Side-Delivery Rake is unit-mounted on the 
tractor and driven from the power take-off by a single 
Durkee-Atwood V-Belt. This drives the right-hand reel 
spider with no cams, gears or chains to wear out or Cause 
trouble, and eliminates the ground drive with its usual 
slippage and complicated moving, driving and wearing 
mechanisms. 


The six-bar reel and special offset placement of bars 
permits raking at speeds up to 10 miles per hour. Should 
the reel become jammed accidentally, the V-belt drive 
allows sufficient slippage for protection. 


Dept. AG-6 


D-A ENGINEERING 
Integrates the V-Belt 
with the Application 


Durkee-Atwood engineers collab- 
orated with Ferguson engineers 
in overcoming design problems of 
the V-belt drive for the Ferguson 
Side-Delivery Rake. The result 
was a specially constructed V-belt 
that does an outstanding job. 

If you have a V-belt problem, 
Durkee-Atwood's facilities are at 
your command. Ask Durkee-At- 
wood — your best source for engi- 
neering assistance and highest 
quality V-belts for agricultural 
equipment. 


DURKEE-ATWOOD COMPANY 


MINNEAPOLIS 13, MINNESOTA 


Suppliers of original equipment V-Belts for major manufacturers of: 


COMBINES *« MOWERS «+ 


HAY RAKES « FORAGE HARVESTERS 
CORN PICKERS *« WINDROWERS 


CHOPPERS » COTTON PICKERS 
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STOW flexible shafting drives this conveyor used 
to feed ducks. Owned by Mr. Harry Baker of 


East Port, Long Island. 
q. 


tlexibleshaftin 
on the job in AGRICULTURE! 


Here are just a few of the many ways STOW 
Flexible Shafting is being used in agricultural 
applications. 75 years of experience has given 
us that all-important know-how you'll find so 
helpful in working out power transmission 


and remote control problems on your agri- 
cultural equipment. 


SHAFTING AVAILABLE IN SIZES ''' to 15’ 
TRANSMITS UP TO 10 HP at 500 RPM 


STANDARD TERMINALS AVAILABLE. 
special terminals for particular 
applications 


WRITE TODAY FOR FREE AIDS! 


Send for FREE 


Write today for your 
Torque Calculator! 


Gives you the infor- 
mation you need 
simply, quickly. 
Eliminates lengthy 
calculation. Write 
today, on your com- 


™ pany letterhead. 


39 Shear Str 


free copy of Bulletin 
525 containing 
complete engineer- 
ing data on STOW 
flexible shafting. 


eet, Binghamton, N. Y. 


Nes 
> 


STOW flexible shafting powers this Avery Rake, 
built by the B. F. Avery Division of Minneapolis 
Moline Company, Louisville, Ky. 


STOW flexible shafting drives the feed conveyor 
on this G.L.F. bulk feed delivery unit operated 
by Broome G.L.F. Elevator. 


ener « 


STOW flexible shafting transmits power from 
the accessory gear box to the pump of the Aero 
Mist Master, manufactured by Mabry I. Anderson, 
Mississippi Valley Aircraft Service. 


STOW flexible power d aft 
operating telephone pole hole dig- 
ger. Courtesy of American Telephone 
and Telegraph Co. 
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Here you see how one of the leading manu- 
facturers of farm tractors uses Vickers 
Pumps to provide dependable hydraulic 
power for implement control. These Vickers 
Pumps are vane type, hydraulically bal- 
anced and have automatic wear compensa- 
tion. This means that they deliver more oil 
while taking less power from the engine 
... that they have a much longer life with 
minimum maintenance ... and that they 
provide easier cold weather starting of 
the tractor. 

A Vickers Pump on the hydraulic system 
is the mark of a tractor that will do more 
and better work with less effort and 
maintenance. For further information, get 
in touch with the Vickers Application Engi- 
neering Office nearest you. 


VICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1516 OAKMAN BLVD. © DETROIT 32, MICHIGAN 


Application Engineering Offices: « ATLANTA ¢« CHICAGO AREA 
(Brookfield) « CINCINNATI ¢ CLEVELAND « DETROIT « HOUSTON 
LOS ANGELES AREA (El Segundo) « NEW YORK AREA (Summit, N.J.) 
PHILADELPHIA AREA (Media) «+ PITTSBURGH AREA (Mt. Lebanon) 
ROCHESTER « ROCKFORD «+ SAN FRANCISCO AREA (Berkeley) 
SEATTLE ¢ TULSA « WASHINGTON e¢ WORCESTER 


6866 


A ad 


oe sens ano dbabeas OnE wyoeauLic EQUIPMENT SINCE 1921 
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Vickers Pump with hand adjustment to vary rate of oil fiow as de- 
sired at normal engine speed. Pump is engine driven and hydraulic 
power is available with clutch disengaged. 


RTS ON ORR ARE AE ARE NAL ORE BE IESE AE ADE 


Power for heavy-duty loader is supplied by this separate Vickers 
Pump mounted on front end drive (radietor grille removed.) 


te 
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LONG LIFE, STRENGTH, FLEXIBILITY, ana 


uniform performance under all operating con- 
ditions — these are the qualities of dependa- 
bility which manufacturers of farm equipment 
get when they specify “Manhattan Agricultural 
Belts.” 


Manhattan’s investment of 60 years of research 
in the development of agricultural rubber 
products has produced the most reliable and 
economical belts available today. Made for all 


MANHATTAN RUBBER DIVISION — PASSAIC, 
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power applications, Manhattan Agricultural 
V-Belts and Condor Whipcord Endless Belts 
are designed to meet the most rigid modern re- 
quirements of farm equipment manufacturers. 


To maintain its constant leadership in rubber 
belt technology, Raybestos-Manhattan, Inc., 
works closely with OEM engineers in the 
design of power transmission drives for all 
agricultural operations. R/M engineers are 
always ready to discuss your belting problems 
with your engineering department. 


NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Flat Belts V-Belts Conveyor Belts 


Other R/M products include: Industrial Rubber © Fan Belts e 


Roll Covering Tank Lining Abrasive Wheels 


Radiator Hose ¢ Brake Linings ¢ Brake Blocks © Clutch Facings 


Asbestos Textiles ¢ Teflon Products * Packings © Sintered Metal Parts * Bowling Balls 
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Flange Bearings 
| for simple, economical installation 
and long, trouble-free life 


Se 


BCA Flange Bearings are low-cost, pre-lubricated package units. The two 
halves of the bearing outer rings are formed into a husky flange with three 
evenly spaced bolt holes, and the design of the bearing permits some 
misalignment of equipment members. The extended end of the inner ring is 
machined to mate with an eccentric lock ring: a twist of this eccentric ring 
locks the bearing to the shaft without the need for machining the shaft—even 
when “commercial” shafting is used. 


In addition to the features which assure simple, economical installation, 
BCA Flange Bearings have two synthetic contact seals* which resist the entrance 
of dirt and dust, and retain within the bearing a stable, long-life, water- 
resistant grease. This, coupled with rugged construction, provides excellent 
service under the most severe agricultural operating conditions. 


BCA Flange Bearings are typical of the line of economical, compact bearing 
units developed by BCA to meet the requirements of the makers and users of 
farm equipment. Write for additional information. 


radial, thrust, angular-contact Ball Bearings 


. ‘5 ; a .. a w 
_ BEARINGS COMPANY oO! 


DIVISION OF FEDERAL-MOGUL CORPORATION 
LANCASTER « PENNSYLVANIA 
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Over 60,000 American Bosch PSB single-plunger distributor-type 
Diesel fuel injection pumps have been produced since the pump 
was introduced several years ago. 


Today, this simplified, lower-cost pump is being produced at a 
greater rate than ever before. 


Here’s definite proof of the acceptance of the PSB. It has literally 
revolutionized the concepts of fuel injection and made possible 
smaller, lower-cost Diesel engines . . . opening up new markets 

for Diesel power such as the farm tractor. 


Tried and proved in the severest service, the PSB has rolled up 
remarkable records of performance—requires less maintenance— 

is easily serviced in the field. No wonder it has been hailed throughout 
the industry for its great contribution to Diesel progress. 

American Bosch Corporation, Springfield 7, Mass. 


AMERICAN BOSCH 
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Gust and Carl Theden, father and son, 
both have worked at MECHANICS 


for over thirty-five years. 


They are typical of the father-and-son 
or brother-and-brother combinations 


at MECHANICS. 
When the MECHANICS 25 year Club 


was organized in 1945, 3 percent of 
the employees were made members. 
By 1949 this figure had risen to 6 per- 
cent. Now, seventeen percent (one of 
every six) MECHANICS workers have 
been making universal joints the best 
they know how for 25 years or more. 


It takes considerable Pride of Accom- 
plishment to keep a man working at 
the same task for over a quarter of a 
century. 


This devotion to an ideal is reflected 
in the reliable service that always has 


characterized MECHANICS Univer- 


sal Joints. 


MECHANICS 
UNIVERSAL 
JOINTS 


For Cars, Trucks, Tractors, Farm Implements, 
Read Machinery, Industrial Equipment, Aircraft 


Our engineers will be glad to show you 
how MECHANICS Roller Bearing 
UNIVERSAL JOINTS will help in- 
sure the reliable operation of your 
product. 


MECHANICS 


UNIVERSAL JOINT 
DIVISION 


Borg-Warner 
2046 Harrison Ave., Rockford, Ill. 
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A Source You Can Rely 
A Name to Remember 


Experience is a valuable asset in the development, manufacture 
and distribution of any product. In this respect we offer you 
the cumulative benefits of Continuous Service to Industry Since 
1887 ... including origination and pioneering of mass-produc- 


tion equipment for the economical manufacture of washers. 


2210 SOUTH BAY STREET 


SINCE 1887 


No matter what your washer requirements may 
be...whether for U. S. Standard Washers, 
SAE Washers, Rivet Washers, Lock Washers, 
Light Steel Washers, Finishing Washers, Machine 
Bushing Washers or Special Washers of any size, 
any desired material or finish . . . “MILWAUKEE 
WROT WASHERS” is the name to remember! 
Here, in the world’s largest plant devoted to 
this specialized type of production, we have 
available more than 25,000 sets of dies — a 
priceless asset in providing the most complete and 
comprehensive selectivity to meet your needs. 


Write for Catalog “30”. 


WASHERS 


If it can be punched out of metal—if die-making 
ingenuity and tool-making facilities can provide 
the means for producing stampings to meet your 
production specifications; if the job can be han- 
dled most advantageously as a stamping—again, 
“MILWAUKEE WROT" is the name to remember. 
Here is a soundly established source of supply 
you can rely on — plus Quality Standards that 
are a source of pride to us, as manufacturers, 
and a source of satisfaction to our most dis- 
criminating customers. We'd like to serve you. 


Let us quote on your requirements . . . covering 
fabrication in any material and in any finish. 
Furnished machined, heat-treated or surface- 
ground, as may be specified. 


A 7883-1P 
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The Bendix heavy-duty farm tractor brake 
has powerful and positive holding action in 
both forward and reverse. Rugged design 
assures uniform performance day after day, 
under the most severe field and road work. 


PRODUCTS 
DIVISION 


pies Tae. Wij 


for Farm Tractors 


Bendix brakes for farm tractors are specifically 
engineered for the hard going of field and road work. 
Tractor manufacturers—as well as automobile and 
truck manufacturers—look to Bendix as braking head- 
quarters for their industry. 

Backed by matchless research and manufacturing 
facilities, Bendix* farm tractor brakes combine heavy- 
duty performance with extreme dependability—and at 
the lowest possible cost. Let Bendix farm tractor brake 
engineers help you solve your brake problems. 

Write for complete information. 4206. U.S. PAT. OFF. 


Bendix 


AVIATION CORPORATION 


EXPORT SALES: 


Bendix International Division, 205 East 42nd St., New York 17, N.Y. * Canadian Sales: Bendix-Eclipse of Canada, Ltd., Windsor, Ontario, Canada 


j. 


i 


Beate as Poms Semmes eae: So Ta Se ee ae OY eae ar oa 
5 eae SS aes higeia en S: Mrenee ear ne mee | es Sats, ean ee ES een Tee eae eae Nee t rf 
cee = ae - Ry re cy ENE RR TD Te (6 fMRI eae te 1) ar i ee ea ca ‘ ; 
Cot. fl ee rere er er ee re 1 
pete. . 
ae 
Paredes. 
Wee eat ees aa Le:_—_—— 
a Daan tt ; ; : 
one § 
pale botgee 4 | 
et Cah 4 ; > 
ee eee j 
pe ay i ; 
(ET SNe) q 2" 
— | y 
ee 3: ; : i Re: 
aes ch 3 Zz . : 
[ent ; f= Ss 
5 Ae ae S g . N 
ea a SP ea = } x? 
yee ; FO ge Pi AE. 8. 3 | , + — 
ae eae j I fg —" - = 4 & BN Fs \g vn ] Hie & Ne iy P 1) : : 
ia eee : < Dori —_ oa = } # U 4 Y df a 2 Pos ¥ aye CG " aa : 4 
pte ay } a A at = Wreghis |’ Mu} “ 1 Ww 1X 5 an d NY | 
Lee ay i “ie SA : ve =e Nat nd 1 oh a ] 
Po as ; " A ys -* A $ i r4 Me =} 
ae | JRA SSF ri! | IQs. SA | 
ea ; ev ~ >) shite fy t | 
ee ia) i i i) 
ay OT SRA EOE » Nae “Za : er | 
pee : Park ki “ ”, : a, ee Re 
Bc: (ne ; > -f — ERI, -— 2 a con! *e SS =. t 5 : 
a ns &. oa 4 ‘ ' 7 Pu yon ar ‘ ‘ ¥ - rR, U 
| PRs Bee? be a AY , We = on | 
ee : Nie ie ae mae gpl ow A <= — 
| Ky i oa j ee | y ' Y ; p VRS -—— 
ee oases (eo Axo j J 7 r : 
es , See yA a wm Ey 
Paes 4 e 
tee 
Recetas 3 
eas © e efe 
Birks: 
Be esiqneaqa dan ullf soecirica 
Bee ee eee 
Pie Aj - ‘ 
eee, wT <P! 
et z 7S 
eat y SX wae wep’? ; 
cee ’ ES one 
Psy hy 4 ‘ 7 7 6 Pe : 
wae 6 — | 
aes ». FS 
Tama ~ _— 
Sae can ‘ad 4, . - ’ 
ae. . 
“4 fae oa. o 
gee es 
poe a 
4 i ; 
i Beg _ ee... 
heey ad ia - 2 ——— me \ 4 . 
ee x ee ok Shee am ae an 
A ts (Aiea SS a . —. _ 
aa os . woe etd BY fal f a ce os ee. ~<a. Rt ay RO 88 or wna ee —— rr] 
Sei Sed aa ee = HRS ~ : _ et een z ~ senna er . le ett 
ae y oe LP fe Ta 2 io filte ain x iia iyi ‘ 
eee { ; S “; ‘Ga, | ia 3 = Sine — a = ee 6s * ward oe de eae 
sess : age nies - Big, lan mas ea Cae = . oa ne 4 
ef. Ssangh ? ~ so 48, an . ala , 4 
eae i EGE Se Ae Ramen 5s | 
eae ld 2 Lie = On eet wee i ne ee thy 
eee es le a . So EE a is 
a 
aa. AGRICULTURAL ENGINEERING for June 1954 383 
ee 
er ronigs ‘ge 
a oe 
a 
naan ' 
GSE ea eS ee se we R ML en eae ee een eee a sie ; sige 
peek age Gee 2. Oe CNR ee. tee Weer A ets gel Seek Mamet 0. uM 8)” ars ie Be ee : . ¢ - 
ees Cee Pe 7 oe A ee ee (] Rey oo SS aE Sat oe nena aevcge nt m fae” TN ie ee 6 haan 
Agape? ae RE My a Ta ai * ACES eeagne 3 ek ae 
el eee eee ie em, oe Ge a a AR a i : 


Tat. teh ack aan ea 


‘See 


ost Fe 


wick re -— ier facts 


“Eee ee ee a tr 


ee a 


4 bat" es 


Me 


\ = a ey RY ; 
| Roller Chain | 
IK ( Sevpling Coupling —_| 


ABOUT MORSE FLEXIBLE COUPLINGS 


Morse Morflex Couplings 


You can save on lubrication and maintenance 
when you equip your farm machinery with 
Morflex Flexible Couplings. There are no mov- 
ing parts to wear out. 


Morflex Couplings accommodate all conditions 
of misalignment and torsional load vibration 
by elastic deflection of neoprene biscuits. In 
addition, Morflex Couplings are impervious to 
water, dirt, oil and weather conditions. 


The end result from using the Morse Morflex 
Coupling is smooth, vibration-free power trans- 
mission, without undue thrust loads on drive 
shaft bearings (even over rough terrain). It 
also cushions shock loads, prolongs bearing 
life and assures quiet operation. 


Flexible Chain Couplings 
The adaptability of chain as a coupling medium 
provides a versatility of design which simplifies 
the development of special-purpose couplings. 
Space limitations a assembly problems are 
easily solved by the use of these couplings. 


esl 


Morse Morfiex 
Coupling 


Morse Roller 
Chain Coupling 


The Morse Stock Roller Chain Couplings are of 
all-steel construction, assuring strength, dura- 
bility and long, trouble- free service life in 
minimum space. Consisting of two sprockets 
and a woe of Morse Double Roller Chain, 
they have increased roller sprocket bearing 
areas, affording greater horsepower capacity 
for a given over-all diameter. 


Extremely easy to install and align, the flexible 
chain couplings are compact and allow for 
slight angular or parallel misalignments. 


Morse Standard Flexible Chain Couplings are 
stocked in a wide range of stock sizes and 
standard bore diameters, assuring an easy 
catalog selection for most applications. 


Further Information 


Write today for Catalog C 4148 for information 
on the Morse Morflex “Coupling. For informa- 
tion on the Flexible Chain Coupling, ask for 


Catalog C 45-49. 


MORSE CHAIN COMPANY 
7601 CENTRAL AVENUE © DETROIT 10, MICHIGAN 
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our rapidly expanding technological society involves 
conserving mental effort and labor and utilizing the 
efforts and skills of persons with less technical training. 
Agricultural engineers continually strive to attain these ob- 
jectives by working together, by standardizing certain prac- 
tices and specifications, and by studying newer developments 
and aids in all fields of engineering and agriculture. The 
purpose of this paper is to point up the merits and uses of 
various graphical methods of expression as one method of 
attaining these objectives. The slide rule and sets of tables 
are common aids for improving the efficiency and usefulness 
of equations, but because of their inherent inefficiency in 
repeated computations, graphical devices are coming into 
wider use. The ability to competently express ideas and the 
results of experiments to both 
technical and non-technical 
audiences is considerably en- 9 ' 2 3 


[spits efficiency and work habits in this area of 


hanced by the proper use of pertatanaplpaadenpelberatliptirlirstredpe pilates tepaliyainrtpipsiyaidoy 


) 1000 
graphical methods of expres- 


GALLONS PER MINUTE 


Graphic Presentation of Mathematical Equations 


Saving of time and increasing accuracy of 


CUBIC FEET PER SECOND 


solutions made possible by this engineering tool 


rate solution of an equation can be standardized regardless 
of the training of the individuals using these charts. The 
use of alignment charts does not indicate a softening or 
lowering of engineering standards, but it provides facilities 
for making better use of available information and permits 
work of a more productive nature. 

Not all graphical solutions have the advantages just 
mentioned. Engineers must realize that the use of graphical 
solutions may not be adapted for all equations and presenta- 
tions of data. Some graphical solutions, such as network 
charts, are often cumbersome and difficult to interpret. If 
the data or equations are to be used repeatedly, alignment 
charts have a distinct advantage. On the other hand, if the 
data are to represent trends and simple relationships and are 
not to be used for repeated solutions, the common, simple 
graph may be better. Regard- 
less of the method used, it 
should contain the desired 
efficiency and clearness of 
presentation. Engineers 
should investigate thorough- 


2000 3000 


sion. CFS 0.00223 x GPM 

Graphical solutions, such Fig. 1 Conversion chart ly all the possibilities of pre- 
as alignment charts or nomo- senting data in order to select 
graphs, special slide rules, 20,000 a. the most suitable method. 


and graphical calculus, may 10 
be employed to considerable 
advantage. Alignment charts 
require less time and there is 
less likelihood of errors than . 
with the use of the ordinary 
slide rule or other conven- 
tional methods. Alignment = 5 
charts are easily constructed 
and interpreted and can be 
made to almost any desired 
size or accuracy. The accu- 


This Paper was prepared ex- 
pressly for AGRICULTURAL EN- 
GINEERING and is authorized for 
publication as Journal Paper 
1623 of the Michigan Agricul- 
tural Experiment Station. 2 
The authors—JOHN R. Davis 
and Cart W. HALL—are, respec- 
tively, instructor and associate 
professor, agricultural engineer- 
ing department, Michigan State 
College. 
Acknowledgment: The authors 
express their appreciation to Dr. 
B. M. Stewart, professor of ' 
mathematics, Michigan State Col- 
lege, for reviewing the manu- 


Re— RESISTANCE IN OHMS 


script of this paper. Fig. 2. Parallel scales with three variables 


A frequent criticism of il- 
lustrative material used at 


10,000 
technical meetings is that of 

6 900 30 general illegibility and poor 
design and arrangement of 

— data. Use of graphical meth- 


ods provides part of the an- 
2,000 290 ~—«sSweer to this problem, because 


2 this method of presenting 
$ - data is neat, concise, and at- 
1,000] 2 Bs tractive. Students and staff 
ra F personnel of college agricul- 
“se § tural engineering depart- 
4004 | 1 ments should be impressed 


with the importance of clear 
presentation of data, because 
aad often it may reflect on the in- 
dividual presenting the paper. 


100 . The authors recommend 
- that in the undergraduate 
60 agricultural engineering cur- 


6 — riculum, and definitely in the 

graduate program, time be 
5 devoted to graphical solu- 
20 tions. The procedure involved 
in graphical analysis is not 
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so involved that engineers cannot construct nomographs 
without a specialized course. Many advanced courses in 
agricultural engineering could include a few topics or illus- 
trations of graphical presentations. Mathematics departments 
in educational institutions and in industry would provide 
the necessary cooperation. 

SURVEY 

To determine the availability of courses pertaining to 
graphical methods, the authors sent 55 letters in the fall of 
1953 to mathematics departments in colleges of the United 
States and Canada which have agricultural engineering de- 
partments. Forty replies were received, and following is a 
summary of the information: 

¢ Twenty-six schools do not offer courses in graphical 

methods in the mathematics, engineering, or other 
departments 

¢ Ten schools offer courses in graphical methods in de- 

partments other than the mathematics department 

¢ Four schools offer courses in graphical methods in the 

mathematics department 

¢ Two schools offer an extension or correspondence 

course in which practicing engineers may study graph- 
ical methods. 

From the results of the survey it is evident that many 
engineers do not have the opportunity to study graphical 
analysis in a formal class, under the guidance of a qualified 
college instructor. 


GRAPHICAL METHODS 
A tew of the common alignment charts will be presented 
in this paper, to acquaint engineers not thoroughly familiar 
with this type of presentation. Textbooks may be consulted 
for the procedures involved in constructing nomographs and 
special charts; a list of selected textbooks is appended to 
this paper. 


Conversion Charts 


Practically every engineering activity provides an oppor- 
tunity for the use of conversion charts, of which the follow- 
ing are: degrees Fahrenheit to degrees Centigrade; pounds 
to grams; moisture content, wet basis to dry basis; and, as 
shown in Fig. 1, gallons per minute to cubic feet per second. 


Parallel Scales with Three Variables 
The equation for this type of chart can be expressed in 
the form of equation [1}. 
fr (x) +fe (y)=fs (2) 
MPSHE ay ws fla} 
fd+fOIJ=f) fib] 
Exponential equations with three variables, with a con- 
stant power, such as equation [ 1a} can be expressed in the 
form of equation {1} by logarithms. Examples of equations 
suited to this form of alignment chart are: Q=3.33 BH®", 
an equation for weir discharge; PV/T=4.44, a thermo- 
dynamic equation; D=RT, an equation involving rate and 
time to determine distance. An example of a solution of 
equation {1} is shown in Fig. 2. 


[1}* 


Parallel Scales with Four Variables 
An equation of the form f; (x) + fz (y) +fs (2) 
=f, (t) ° . ‘ ‘. F . ° re ° 


*f is a symbol that means “some function of.’ 
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Fig. 3 Parallel scales with four variables 
is presented easily by breaking the equation into two parts 
and treating each part as similar to equation [1]. This form 
of equation will involve the use of an index or pivot line to 
solve the problem. Equations involving products or ex- 
ponents can also be reduced to the form of equation {2} by 
logarithms. 

Equations such as Q=(b/0.239)*°* (4/L)"*, a pipe 
discharge equation; § =7'/2 (zr*t) ,the relation between shear- 
ing stress and twisting moment; and E=NT/(NT+S), an 


MOMENT OF INERTIA 


a 


wu 
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rs 


Fig.4 An N chart with three variables 
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Fig. 5 A combination parallel scale and N chart (nomograph for determining winter ventilating rates) 


equation for production efficiency, are examples suitable for 
this type of solution. 

An example of this kind of nomograph was prepared by 
Garton (3)+, which typifies the simplicity and efficiency of 
graphic methods of presenting equations (Fig. 3). 


N Chart with Three Variables 

An alignment chart for multiplication or division using 
nonlogarithmic or natural scales can be constructed con- 
veniently in the form of letters N or Z. The N chart is a 
variation of the proportional chart, which is an alignment 
chart for multiplication or division involving four variables. 
The equation that applies to this type of solution is 


tBold-faced numbers refer to the appended references. 


CHART WITH ONE 
CURVED SCALE 


CHART WITH TWO 
CURVED SCALES 


Fig.6 Samples of alignment charts used in the solution of complex 
equations 


CONCENTRIC- CIRCLE CHARTS 


fi (x)/fe (W)=fal2)/falv) {3] 
which can be converted to the three-variable N chart form of 


fi (x) =f (2)/fa (0) . [3a] 


by making fe (y) equal to unity. A disadvantage of the N 


and proportional charts is that the range in values of the 
functions represented is from zero to the upper limit of the 
desired range, which may impair the accuracy of the read- 
ings. However, this may be of little consequence by omitting 
the part of the chart that is not needed. Examples of equa- 
tions suitable for this type of solution are: E=Wv?/2g, an 
energy equation, S=(3.82T)/d*, a stress equation for 
ductile materials; and COP=QA/W, the equation for co- 
efficient of performance; and J/=bd*/12, an equation for 
moment of inertia, shown in Fig. 4. 


Combination Parallel Scale and N Chart 
An equation of the form 

fi (0) +f2 (9) =fs (2)/fs (2) [4] 
can be presented by a combination of parallel scale and N 
charts. The following are equations adapted to this type of 
graphic presentation: O=AX0.5X(Ti:—T2), a heat ca- 
pacity equation; W=2.67L x (D*—d*), an equation for 
pipe weight, and T2/7,—e#®, an equation for belt tension. 
A good example of a combination chart was prepared by 
Parker (11) to solve problems of ventilating rates for poul- 
try houses (Fig. 5). 


Alignment Charts for Solving Complex Equations 
Other chart forms are employed for the solution of more 
complex equations, such as the following types: the concur- 
rent scale chart for equations of the form 1/f1(x)+1/fo(y) 
=1/fs(z); a chart with one curved scale for equations of 
the form fi(x)+fe(y) + fs(z)=fa(z); charts with two 
curved scales for equations of the form 
filx) + filg) +fil2) © fely)—folz) +» fitgJ—firlco) « fila) 


=0; and concentric circle charts for equations of the form 
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fil) + foly) =falz)+falv) (Fig. 6). An equation can be 
adapted to one of these forms by use of logarithms or other 
mathematical adjustments. 


Special Slide Rules 


By moving functional scales along parallel lines the same 
general types of formulas can be solved as on the straight- 
scale alignment charts. The special slide rules with parallel 
moving scales require no index or pivot lines and are gen- 
erally more convenient to use than an alignment chart. 
Frequently the special slide rule is more accurate than the 
ordinary slide rule, because an entire working range can be 
contained in the total length of the special slide rule, which 
is not done in the ordinary slide rule. For example, if the 
working range of temperatures involved in a certain process 
is from 200 to 220 F, the entire 20-deg range can be con- 
tained in the 8 or 10-in slide rule length, thus obtaining at 
least one more significant number. Often the ordinary slide 
rule is not as rapid as a special slide rule for the solution of 
a particular equation. 

Blanks for the construction of special slide rules are 
available, but because of the limited demand are not too 
easily obtained. Satisfactory blanks can be made by gluing 
together several layers of cardboard and forming a tonguc 
and groove for the slide by varying the width of the card- 
board strips. Recently several manufacturers have printed 
special slide rules for the solution of specific problems and 
for advertising purposes. Generally these slide rules have 
utilized both sides and are used to solve a number of equa- 
tions or conversions. 


SUMMARY 

Agricultural engineers have the opportunity to express 
themselves to a greater number of people than is the case in 
most other kinds of engineering or agricultural work. For 
this reason, the agricultural engineer should make use of all 
possible facilities or modes of expression to present his data 
and his profession admirably and clearly. Graphical methods 
of presentation provide a means of attaining this objective. 
Most graphical solutions are time saving and easily and 
accurately interpreted by both technical and non-technical 
persons. 

The authors urge agricultural engineers to consider 
graphical methods of presentation of data in technical pub- 
lications and papers and in the repeated solution of engi- 
neering problems. Students of agricultural engineering 
should be introduced to this method of presenting data in 
the undergraduate curriculum, and professional engineers 
should be given the opportunity to study these methods as a 
means toward greater efficiency of labor and skills. 
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Nuclear Power 


O ESTABLISH a nuclear power industry in this country 

will be a great achievement. If power becomes cheaper 
and more plentiful, our material standard of living will be 
raised. In other countries the effect may be even greater. By 
the accident of history the first use of this great new dis- 
covery has been in the development of weapons of war, 
weapons of appalling magnitude. The nations of the world 
have today the means to destroy cach other. They also have 
in this same nuclear energy a new resource which could be 
used to lift the heavy burdens of hunger and poverty that 
keep masses of men in bondage to ignorance and fear. 
Toward this peaceful development of nuclear power we 
have, all of us, a high obligation to work with all the 
ingenuity and purpose we possess.—Henry D. Smyth, in 
Civil Engineering for April, 1954. 
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Radiation Studies of Painted Shade Materials 


T. E. Bond, C. F. Kelly and N. R. Ittner 


Member ASAE Member ASAE 


eratively by the U.S. Department of Agriculture and 

the departments of agricultural engineering and ani- 
mal husbandry of the University of California. One objective 
of the project is to improve methods of relief for animals 
distressed in hot weather. 

An animal suffers from thermal stress when it produces 
more heat than it can easily dissipate. To adjust, it must 
reduce food consumption, and its production necessarily 
declines. Several relief media, such as cool drinking water 
(1)*, sprays (2), air-cooled shelters (3), and different 
types of shades (3), have been tested and found beneficial 
in varying degrees. 

Probably the most economical means of helping an 
animal maintain a heat balance is to control incoming radia- 
tion. Radiation from the sun, sky, and surroundings adds 
greatly to the heat load, and is simply and substantially 
reduced with shades that cut off the direct solar energy load. 

Since a shade does little to alter air temperature (4, 5), 
humidity, or wind velocity (unless closed on one or more 
sides), its primary function is to shield the animal from 
the intense radiation of the sun. An animal under a flat 
shade, however, is still exposed to radiation from the sky, 
horizon, shadow, hot surrounding ground, and the shade 
material itself. This paper discusses the use of paint for 
altering the radiation characteristics of shade materials. 


Shade Material as a Radiation Shield 
An animal in the sun receives radiant energy from 
three sources: (1) sun and sky, (2) unshaded ground, 


Mei environment is currently being studied coop- 


This paper was presented at a meeting of the Pacific Coast Sec- 
tion of the American Society of Agricultural Engineers at Stockton, 
Calif., January, 1954. 

The authors—T. E. Bonn, C. F. KELty and N. R. ITTNER—are, 
respectively, agricultural engineer, Agricultural Engineering Research 
Branch, U.S. Department of Agriculture; associate agricultural en- 
gineer, California Agricultural Experiment Station, and specialist in 
animal husbandry, Imperial Valley Field Station, California Agri- 
cultural Experiment Station. 

Acknowledgment: The authors wish to express their appreciation 
for the guidance and council of Dr. F. A. Brooks of the University 
of California. 


*Bold-faced numbers refer to the appended references. 


SUN 


ToTAL In Sun - 244 Bru/ur rt? 


Fig. 1 Radiation received by animal in sun and animal in shade, on a typical August day at El Centro, Calif. 


Search for Improved Methods of Relieving 
Hot Weather Distress of Farm Animals 


and (3) “horizon,” actually a band extending about 10 deg 
above the horizon. It is separated from the rest of the 
upper hemisphere in calculations because it radiates at a 
greater rate, as a result of back radiation from moisture in 
the heated air near the ground (5). The quantities of 
radiant energy from these three sources on a typical August 
day at El Centro, Calif., are shown in Fig. 1. 

The total radiant heat load on an animal in the sun, 244 
Btu per hr ft? (of animal surface) was determined from 
black globe thermometer readings; the portions radiated by 
the hot ground and the horizon were determined with a 
Hardy radiometer (5). These values are strictly true only 
for a small spherical object (whose shape factor is known 
with respect to the different parts of the surround), but the 
effects shown will approximate those for an animal. 

The quantities and sources of radiant energy on an 
animal protected by shade are also shown in Fig. 1. Shade 
reduces radiant heat load from sun and sky, and substitutes 
shaded area for part of the hot ground, but it adds a new 
source of energy —the shade material itself. In this in- 
stance the total effect was nevertheless a reduction of the 
radiant heat load on the animal, from 244 to 167 Btu 
per hr ft® of animal surface. This is equivalent to reducing 
the mean radiant temperature of the animal's surround 
from 153 to 98F. 

Kelly (5) has shown how size, orientation, and height 
of shade affect the magnitude of the radiant heat load com- 
ponents: hot ground, shadow, sky, horizon, and shade, as 
shown in Fig. 1. This paper is concerned with the com- 
ponent from the shade itself, since only this part of the 
radiant heat load is affected by a change in the surface 
characteristics of shade materials. 

The temperature that any surface may reach is highly 
dependent upon its surface radiation characteristics, al- 
though it should be emphasized that this temperature is 

tMean radiant temperature: that temperature of a uniform en- 
closure (usually designated black, to eliminate reflection) with 


which a body would exchange the same amount of energy by radia- 
tion as in the actual environment. 
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Fig.2 Three 8x 8x 4-ft high test shades set up over a dirt field. 
Note black globe thermometers at center of each shadow and in sun 


also a function of air temperature, wind velocity, and 
quantity and quality of incident radiant energy from sun, 
sky, and surrounding surfaces. Fishenden and Saunders 
(6) show that at sea level a black surface, backed by a 
non-conducting material and with normal exposure to the 
sun, could attain an equilibrium temperature of 233F. But 
such a high temperature is normally never reached, because 
of convection and conduction losses. 

Certain materials, such as white paint, are highly reflec- 
tive (low absorptivity?) to short wave length radiation, 
and are very good emitters (high emissivity$) of long 
wave radiation at their normally low temperatures. White 
paint should provide a thermally desirable surface for the 
top of a shade, and it does, probably more nearly so than 
most other materials. In our study, white painted aluminum 
sheets were as much as 15F cooler than unpainted aluminum 
sheets when exposed to the sun. White painted galvanized 
iron sheets were as much as 5OF cooler than unpainted ones. 

While the characteristics of the top surface greatly in- 
fluence the temperature of the shade material, it is the 
emissivity of the bottom surface that influences the quantity 
of energy, due to this temperature, that will be emitted 
to the animal. The reflectivity of the bottom surface de- 
termines the quantity of incident energy, from the ground, 
that will be reflected back down to the animal. 

Since most of the energy radiated to the under side of 
the shade from the ground is long in wave length, like 
that emitted by the shade material, the emissivity and 
absorptivity of the bottom shade surface will be practically 
identical, according to Kirchoff's law. Should the bottom 
surface of a shade then have a low emissivity (smaller 
quantity of absorbed and emitted energy but greater amount 
of reflected energy), or should it have a high emissivity 
(larger quantity of absorbed and emitted energy and smaller 
amount of reflected energy) ? 


Method of Shade Comparison 


To study the thermal effects of changes in radiation 
characteristics induced on the surfaces of various shade 
materials by painting, field tests of several materials were 
conducted during the summers of 1952 and 1953. Three 
flat, portable shade frames, 8x8x4 ft high, were covered 


¢Absorptivity: the fraction of incident radiation absorbed by a 
substance. At any wave length and temperature the absorptivity of 
an opaque substance is equal to its emissivity or to one minus its 
reflectivity. 

§Emissivity: the ratio of the intensity of radiation of any given 
wave length emitted from unit area of a surface to the intensity in 
the same wave length from unit area of a black body at the same 
temperature. 
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with the materials tested. The frames were collapsible so 
that they could easily be moved (Fig. 2). One frame was 
always covered with plain corrugated embossed aluminum 
roofing, to serve as a check shade. 

The real thermal comparison of two shades should 
be based on the relative comfort of animals under them. 
To obtain such a comparison, we used six-inch black globe 
thermometers under each shade. As suggested by Bedford 
and Warner (7), these instruments can be used to determine 
the mean radiant temperature of the environment  sur- 
rounding the globe. Globe thermometer readings can also 
be used to determine the total spherical irradiation at the 
globe (total radiation incident on the globe). The three 
shades were placed so that all environmental factors affect- 
ing them would be the same. A globe was maintained near 
the center of the shadow of cach shade; one globe in the 
sun served as a base for comparison. The temperatures of 
all four globes were continuously recorded on a 16-point 
recording potentiometer. 

The temperatures of the shade materials, obtained with 
thermocouples attached to the lower surfaces of the shades, 
were also continuously recorded. The quantity of radiant 
energy from the shade surface, and from different parts of 
the surround (5), was measured with a Hardy radiometer. 


RESULTS 
The upper set of curves of Fig. 3 shows the radiant heat 
load on the globes under three shades covered with corru- 
gated embossed aluminum roofing. The shade materials 
were identical except that two coats of Fuller's Myratec No. 
1520 white paint were applied to the top surface of one, 
and two coats of Fuller's Myratec No. 1518 velvet black 
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Fig. 3 Radiant heat load under each, and the surface temperatures, 

of three aluminum 8 x 8 x 4-ft shades over dirt—one shade unpainted, 

one white on top and plain underneath, the third plain on top and 

black underneath. Radiant heat load was determined from globe 
thermometer at the center of shadow 
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paint were applied to the bottom of another||. The lower 
set of curves shows the surface temperatures of these three 
shades. 

White paint and the unpainted aluminum sheet reflect 
about the same amount of solar energy (about 75 percent), 
but the emissivity of the white paint, at ordinary shade 
material temperatures, is much greater (about 0.89) than 
that of the unpainted aluminum (0.11 to 0.20). The white 
painted surface consequently maintained a lower temper- 
ature because of better radiation exchange with the cold 
sky. Since the radiation characteristics of the bottom sur- 
faces were identical, the radiant heat load under the white 
painted shade was considerably less. 

Although the temperature of the third shade, with the 
black painted underside, was about the same as that of the 
unpainted shade, the radiant heat load under it was as much 
as 12 Btu per hr less (per square foot of animal surface). 
Since the upper-surface radiation characteristics of these 
two were the same, the difference must be attributed to a 
reduction of reflected energy under the black painted shade. 
The undesirable effect (greater emission by the black sur- 
face) was less than the desirable effect (reduced reflection 
of incident energy). The black surface absorbed more radia- 
tion from the unshaded ground than did the unpainted 
surface, but at the same time it lost heat at a greater rate 
by radiation to the cool shadow. Furthermore, convection 
cooling would tend to prevent an excessive temperature rise 
of the black surface. 

Althougi the black painted shade was usually about 8F 


||The possible beneficial effects of black paint were originally 
suggested by J. R. McCalmont, agricultural engineering research 
branch, U.S. Department of Agriculture. 
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Fig. 4 Radiant heat load under each, and the surface temperatures, 

of three aluminum 8 x 8 x 4-ft shades over dirt—one shade unpainted, 

one white on top and plain underneath, the third white on top and 

black underneath. Radiant heat load was determined from globe 
thermometer at center of shadow 
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hotter in surface temperature than the shade with the white 
painted top, the radiant heat load beneath it was lower by 
as much as 7 Btu perhrft*. This indicates that of the 
changes caused by the high absorptivity of the under sur- 
face the increased surface temperature was less important 
than the reduction in reflected energy. 

For tests shown in Fig. 4, the desirable effects of the 
white top surface and the black under surface were com- 
bined in the shade that previously had only a black under- 
side. The surface temperature of this shade then remained 
very close to that of the white-top shade, while the radiant 
heat load under it was as much as 13 Btu-per-hr ft? lower. 
This again shows the effect of reduction in reflected energy 
by a black under surface, and that this was more important 
than the accompanying increase in emission. The surface 
temperatures of these shades were at times 15F lower than 
that of the unpainted aluminum shade. The radiant heat 
load under the white and black shade was as much as 18 
Btu per hr ft? (of animal surface) lower than under the 
unpainted shade. 

A shade material that has invariably proved ‘‘cooler” 
than most others is hay. One of the shades was covered 
with a 4-in layer of hay and results compared with the 
unpainted and the white and black aluminum shades. The 
curves for this test are shown in Fig. 5. The radiant heat 
load under the hay shade was much lower than that under 
the other two shades. Here the hay temperature (bottom 
surface) remained very close to that of the air, and as much 
as 25F lower than the surface temperature of the plain 
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Fig.5 Radiant heat load under each, and the surface temperatures, 
of three 8x 8x 4-ft flat shades—two covered with corrugated em- 
bossed aluminum (one painted white on top and black underneath), 
and the third shade covered with a 4-in layer of hay. Hay tempera- 
ture was measured at bottom surface. Radiant heat load was 
determined from globe thermometer at center of shadow 
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aluminum shade. The very uneven character of the hay 
surface evidently acts as a black surface and absorbs most 
of the irradiation on it from the hot ground, thereby reduc- 
ing the energy reflected back down to the animal. We do 
not know what the surface convection coefficient for the hay 
is, but, because of the uneven character of the surface, it is 
probably very high. The hay presumably lost much of its 
heat to the air by convection. Also, because of the insulat- 
ing value of the 4-in layer of hay, the bottom surface did 
not receive much heat from the top surface by conduction. 
Although hay has excellent thermal properties, it does have 
limitations as a shade material for it must be replaced 
periodically and does not provide a permanent and weather- 
proof structure when such is desired. 

Painted galvanized iron roofing shects were compared 
in a manner similar to the comparison of aluminum sheets 
described above, and the same beneficial effects of paints 
were noted. White paint applied to the top surface of 
galvanized iron caused a reduction of as much as 5OF in its 
temperature, bringing it within a few degrees of the tem- 
perature of white painted aluminum sheets. The addition 
of white paint to the galvanized iron sheet made it a 
“cooler” shade material than plain aluminum, establishing 
a lower radiant heat load beneath it. 


DISCUSSION 


It has been previously mentioned, and should be em- 
phasized again, that the differences in radiant heat load 
and surface temperatures among the different shades shown 
in the curves above will not always be of the same magni- 
tudes. These differences may be lesser or greater, depending 


upon many environmental factors affecting the shades, such 
as wind velocity, air temperature, radiation from the sua 
and sky, and ground cover. 

Ground cover alone can greatly affect the heat load on 
an animal, because of the differences in temperature and 
reflectivity of different types of ground surfaces. In testing 
two identical portable aluminum shades at El Centro, Calif., 
in 1951, it was found that the radiant heat load on an 
animal under shade over green pasture was 14 Btu per hr ft? 
less than under shade over dirt. In other words, the mean 
radiant temperature of the environment was about 12F less. 

Painted and unpainted aluminum shades were then com- 
pated in a green pasture field. The differences in radiant 
heat load and shade surface temperatures effected by the 
white painted top surface and the black painted under sur- 
face were very evident but to a lesser degree than indicated 
in the above curves for the same shades over dirt. While 
the reflectivity of the green grass cover was higher than that 
of the dirt field, its surface temperature was much lower 
and consequently its emitted energy was less. The char- 
acter of the under surfaces of shades was less important 
over a grass surface, the radiation from it being less. The 
characteristics of white upper surfaces, however, would be 
equally important with shades over grass or dirt. 

What has been said of painted surfaces for flat shades 
would be true for other roof shapes if the bottom surface 
is exposed to radiation from hot surrounding ground sur- 
faces. The white painted surface would still be beneficial, 
even if the shade had walls that intercepted radiation from 
the hot ground. However, in the case of an enclosed shade 
or building, the under side of the roof should be painted 


AGRICULTURAL ENGINEERING for June 1954 


with aluminum paint to promote the most comfortable 
conditions in summer (4). 

A heat balance on the shades (not included here), and 
an analysis of the factors involved, bears out the interpreta- 
tions of the data and shows several significant points: (1) 
The lower the temperature of the shade material, the 
greater will be the benefits from the black paint. Any low- 
ering of the shade temperature will add greater weight to 
the reduction in reflected ground energy by the black 
paint. The shade temperature can be lowered by increased 
wind velocity (greater convection cooling), white painted 
top surface, evaporatively cooled surface (water or sprays 
on roof), and double or insulated roofs. (2) The greater 
the radiation from the ground and lower hemisphere, the 
greater will be the benefit from black paint. As the radia- 
tion from the ground becomes greater so does the import- 
ance of reducing the energy reflected by the shade back to 
the animal. Consequently, black paint is more beneficial ap- 
plied to shades over dirt than to shades over grass. (3) 
The higher the shade the greater will be the benefit from 
the black paint. As the height of shade increases it “‘sees”’ 
more of the hot ground (in comparison to the shadow) 
and the importance of the black paint in reducing reflected 
energy becomes greater. For the same reason the benefits 
from black paint, for a particular shade height, will be less 
as the shade size becomes larger. The shade ‘‘sees’’ propor- 
tionately less of the hot ground as its size increases. 


SUMMARY 

The primary purpose of a shade is to protect an animal 
under it from intense radiation from the sun and sky. An 
animal under a flat shade, however, is still exposed to 
radiation from the sky, horizon, shadow, hot surrounding 
ground, and from the shade material itself. The radiation 
from the latter source can be minimized by applying white 
paint to the top surface and black paint to the under sur- 
face. It was shown that under the environmental conditions 
of our tests the undesirable effects of increased surface tem- 
perature and emission, due to the high absorptivity and 
emissivity of the black under surface, were less important 
than the reduction in reflected energy from the hot ground 
caused by this black surface. 

The combined desirable effects of white painted top 
surface and black painted under surface were shown to 
help greatly in reducing the radiant heat load on an animal 
under a flat shade of aluminum or of galvanized iron, and 
should aid in increasing an animal's comfort, and conse- 
quently its production, in a hot climate. 
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for tests at the Iowa State College agricultural engi- 

neering farm at Ames. They were furnished by the 
Great Lakes Steel Corporation and were identical in con- 
struction, having similar duct and fan installations. They 
were for studying the effect of various arrangements on 
performance in drying. Each has been loaded four times 
with oats or corn to be dried immediately after harvest. 
The bins are of galvanized steel and have concrete floors. 
The general appearance is shown in Fig. 1. Each is 16 ft 
wide by 20 ft long. The central longitudinal duct has a 
cross section of about 41% sq ft and a perimeter of about 6 ft. 
The sidewalls and the end walls, except at the doorway, are 
lined inside and outside with corrugated sheets. The inner 
lining at the doorway is on a removable panel so that the 
building may be used for other purposes by removing 
the panel. 
As first erected, the central duct, assembled from 8-ft 
lengths, extended from the back of the building to within 
about 4 ft from the front end. The inner wall lining 
extended up from the floor a distance of 8 ft on the side- 
walls and about 6 ft high on the end walls. The lining 
sheets overlapped 2 in and fitted fairly tightly together at 
the seams except at the sidewall seams between the first and 
second sheets from the floor. These seams were held open 
about 1 in by spacers on the bolts to permit exhaust or 
entry of air while the fan was operating. The grain was 
put in through a hatch just to one side of the ridge. 
A fan was installed in each bin at the back end of the 
duct. The fans were operated by 3-hp direct-connected 
electric motors and were identical except that in one build- 
ing the air was exhausted from the duct, while in the other 
the air was forced into the duct. The fans were calibrated 
at the factory of the Aerovent Fan Company so that by 
taking readings of pressure the volume of air moved could 
be estimated. 
One loading of oats and one loading of corn were 
dried in the buildings as originally erected. As a result of 
experience during the drying, they were modified after the 
first season. The height of the end-wall linings was in- 
creased so that the grain could be loaded as deep at the 


Fic: in 1952 two grain-drying buildings were erected 
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Fig. 1 Grain bin of the type used in tests on the Iowa State 
College agricultural engineering farm 
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Grain Drying with Unheated Air 


Effect of Building, Duct, and Fan 
Arrangements on Drying Performance 


ends as at the center of the building. An additional section 
of duct was provided to extend to the front end of the 
building. All seams in the sidewall lining were opened as 
one on each side had been before and for one test some of 
the openings at the seams were enlarged. Screen wire was 
applied above the top shect of the inner lining to prevent 
grain from spilling over the sheets. The above changes 
were made to improve the performance in drying. At the 
same time another change was made to facilitate testing. 
This was to erect a plywood bulkhead about four feet from 
the door end of each building. This reduced the grain 
capacity and was done only to permit more accurate meas- 
urements of air movement. This change obviously would 
not be suggested except for test purposes. 

The tests included measurement of temperature, grain 
moisture, air pressure in the mass of grain, air volume sup- 
plied by the fan, and atmospheric conditions. The test 
equipment will not be described here but the usual equip- 
ment was supplemented by special facilities for determining 
air-pressure gradients and paths of air flow. Also humidity 
elements for measuring moisture content without withdraw- 
ing samples or otherwise disturbing the grain were furnished 
by Minneapolis-Honeywell Regulator Company for the 
1953 corn tests. 

Two tests were made in each building as originally 
erected, one with oats and one with corn. Following is a 
brief description and discussion of each: 


Test |. Oats, July, 1952 

The oats were harvested July 10 to 12, part being com- 
bined direct and part after windrowing. Each day's harvest 
was collected in another bin, then transferred to the test 
bins in order to distribute the moisture as evenly as possible. 
It was planned to use oats with a moisture about 22 percent 
but it was much drier when loaded. The grain moisture con- 
tent in each bin averaged 16.3 percent, the samples varying 
from 14.6 to 18.0 percent. Fifteen hundred bushels were 
placed in each bin. The fans were operated simultaneously in 
both bins. The bins were emptied on August 20 and 21 at 
which time about 40 samples from each bin showed a range 
of moisture from 10.6 to 12.3 percent. A few moisture sam- 
ples were taken during the 
test. These showed that dry- 
ing was slowest in the regions 
at the front end of the build- 
ing to each side of the center. 
The grain was only about 5 ft 
deep in this area, but the last 
4 ft of grain had no center- 
line duct. The original mois- 
ture being only 16.3 percent, 
any difference there may have 
been in drying effectiveness 
between the suction and pres- 
sure bins could not be de- 
tected in the final moisture 
or quality of the oats. 
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CORN MOISTURE CONTENT 
AT CENTER SECTION 
OCTOBER 16-17, 1952 
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2 (Left) Cross section at center of bin showing corn moisture content of samples taken October 16 and 17, 1952 ¢ Fig. 3 (Right) 
Cross section near the door end of the building showing corn moisture content of samples taken October 16 and 17, 1952 


Test 2. Corn, September-October, 1952 

Both bins were filled with shelled corn on September 26, 
the corn having been harvested with a mechanical picker 
during the previous four days. It was held as ear corn in a 
separate crib and all shelled on the date indicated. The 
average moisture of the shelled corn was 31.2 percent. Fig- 
ured at 56 lb to the bushel, 1487 bu were put in the suction 
bin and 1515 bu in the pressure bin. The fans were started 
September 26 at 6:20 p.m., and except for a few interrup- 
tions were operated continuously until November 4 at 1:20 
p-m. The fans were operated again for 5 hr on November 
20 and 8 hr on November 28. By the middle of October 
most of the corn had been reduced to below 13.5 percent, 
but there were locations in each bin where the moisture con- 
tent was higher. Fig. 2 is a crosa section of the bins at mid- 
length on which the corn moisture content on October 16 
and 17 at various points is shown for both the pressure and 
suction bins. 


Fig. 3 is a similar cross section two feet from the front 
end of the building. The grain depth is shallower at the 
front end and the ventilating duct does not extend through 
this section. It will be seen that there are some points in 
both bins where the moisture was still high on October 
16 and ventilation had to be continued to dry the corn at 
such points. With continuous ventilation until November 
4 and two short periods thereafter the corn was left in the 
bins until late in January. When the bins were unloaded, 
most of the corn was in good condition. There was some 
mold damage in all samples but this was largely due to the 
severe mechanical damage that occurred during shelling. 
All the corn in the pressure bin was dry and suitable for 
feeding. In the suction bin there were some areas where 
the corn was caked and molded so badly it was discarded. 
About 63 bu, or 4 percent, was in this condition. 

Fig. 4 shows some of the spoiled corn left in the bin at 
unloading. It was in a region on the north side of the duct 
starting at the duct and extending out and upward toward 
the sidewall. This caking was in the front two-thirds of the 
building only and did not appear on the other side of the 
duct. There was also a caked spot beyond the end of the 
duct and toward the front corner of the building in the 
south half (the half north of the duct is shown in the figure ). 


The wooden framework appearing in Fig. 4 is a support for 
the tubes used for measuring static pressure of air in the 
grain. This framework was abandoned in later tests. 

As a result of these two tests the buildings were modi- 
fied as previously described. Tests with oats and corn were 
again made in 1953. 

In the oat test one side of each building retained the 
single 1-in opening in the sidewall, while in the other 
side the seams between all four sheets were opened up 
to about 4 in and the crack between the bottom sheet and 
the floor was held open about the same distance. 


Test 3. Oats, July, 1953 


In the 1953 oat test the initial moisture was again lower 
than desired, averaging 15.75 percent in the suction build- 
ing and 17.25 in the pressure building. The oats dried 
satisfactorily in both sides of both buildings. Analysis of 
the air flow from pressure readings showed a better dis- 
tribution in the side where there were more openings, but 
because of the low initial moisture this was not reflected 
in differences in the condition of the oats. 


Test 4. Corn, October, 1953 


The bins were changed in only one respect for this test. 
One sidewall in each building had all the seams open about 
4 in and the other wall had all seams open about 112 in. 
The corn for this test was harvested with a picker-sheller 
and loaded directly into the bins from the field. Harvesting 


Fig. 4 Spoiled corn remaining in suction bin after unloading the 
original 1952 test corn 
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took most of a week so the moisture was not as evenly 
distributed as in the previous corn test. Corn moisture con- 
tent at loading averaged 24.35 percent in the pressure bin 
and 23.65 in the suction bin. For this test humidity ele- 
ments for use as corn moisture indicators were available 
and were buried in the corn at 55 locations in the two 
bins. Loading was completed on October 3 and the fans 
were operated most of the time until October 18. On 
October 21, 25 samples were taken from each bin. Most 
samples had from 10 to 13 percent moisture, the highest 
in the suction bin having 15.7 percent and the highest in 
the pressure bin, 12.8 percent. In each case the air circula- 
tion was better distributed at the side of the bin having 
larger openings. The bins were emptied February 19 and 
all the corn in both bins was in good condition. 

The effectiveness of ventilation at various locations in 
each bin is illustrated in Figs. 5 and 6 which show the 
number of hours of fan operation until the corn moisture 
content at each location reached a relative humidity level of 
80 percent, approximately 16 percent corn moisture. This 
was measured by the humidity elements that were imbedded 
in the corn at the locations indicated by dots in Figs. 5 and 
6. This level (80 percent) is chosen arbitrarily for showing 
the drying time, but at each location the moisture dropped 
to 13 percent within a few hours of the time it reached the 
80 percent level. The location of the humidity elements is 
not identical in the two bins because the earlier tests had 
indicated that slow-drying locations would be found near 
the sidewalls in the pressure bin and from one foot to 3 or 
4 ft above the floor in the main bulk of grain in the 
suction bin. 

The areas where the grain dried most slowly (Figs. 5 
and 6) were apparently related to the particular paths 
taken by the ventilating air in exhausting from or entering 
from the sidewall openings. Points of relatively poorly 
ventilated grain show up as, for example, the fourth point 
from the floor in the suction bin, Fig. 5. This point was 
apparently in a streak of slow-drying grain similar to that 
in the 1952 corn test where molding and spoilage occurred. 
In looking at Figs. 5 and 6 it should be kept in mind that 
the positions shown by the dots are where the moisture ele- 
ments were first installed. The corn shrunk during drying 
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Fig. 5 (Left) Cross section of suction bin showing the number of hours of fan operation required to reduce the relative humidity at the 
various locations to 80 percent © Fig.6 (Right) Cross section of pressure bin showing the number of hours of fan operation required to 
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and the actual position of each element was shifted down- 
ward as drying progressed. 


CONCLUSIONS 
The following conclusions can be drawn from the tests 
and observations: 


Extending the duct the full length of the building and 
sealing the lining joints at both end walls eliminates certain 
problem regions found in tests 1 and 2. 

Changing to higher end walls which permit the grain 
to be loaded to the same level from end to end of the 
building contributes to more uniform drying. 

While each successive step in getting more opening at 
the sidewalls has improved the effectiveness of drying, 
further tests will be needed to determine how far it is 
economical to go toward a completely open sidewall, such as 
screen wire as compared with spaced openings. When air 
enters or leaves the grain through two or more openings 
separated by a space without openings, streaks of slower 
drying grain are the result. It is not known how near 
together the openings need to be to avoid trouble from such 
streaks, but they were observed with a spacing of 2 ft 
between openings. 

In comparing suction with pressure operation there are 
three apparent differences that influence the choice of direc- 
tion of air flow. 


1 From the practical view, it is advantageous to have 
the wettest grain where it can be most readily inspected. 
Since drying occurs first where the air enters the grain, the 
top surface of the grain in the suction bin becomes dry 
quickly, inviting the operator to believe that all the grain is 
drier than ii, actually is. On the other hand, in the pressure 
bin drying starts near the duct and the top surface grain 
remains damp for a longer period. 

2 The resistance to air flow is greatest near the duct 
because of high velocities in that area. In the pressure bin 
this grain dries first and shrinkage loosens the bulk in this 
area soon after drying is started. This results in a net 
decrease in air resistance. In the suction bin the grain in 
this region does not dry and shrink so soon. As a result, 
with a given fan substantially more air is supplied to the 

(Continued on page 405) 
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Water Table Drawdown Characteristics 
F. R. Hore and E. H. Kidder 


Assoc. Member ASAE 


NVESTIGATIONS on depth and spacing of lateral tile 
drains have taken mainly the form of comparing the 
drawdown characteristics of the water table between 

tile drains installed at various depths and spacings. In 
making these studies, investigators have utilized various 
sized observation wells and open auger holes. More recently 
groups of piezometers have been used to study ground 
water and water-table movements. Controversy has often 
arisen over the relative ability of large and small-diameter 
observation holes, cased and uncased, to reflect the position 
of the receding water table in the finer textured soils. 
Walker (3)* reported that a statistical analysis of variance 
of data collected on 1-in and 10-in wells and ¥g-in piezom- 
eters in the lighter soils in Virginia revealed no significant 
difference. There were, however, indications that differ- 
ences may occur in wells in heavier soils. The purpose of 
this paper is to report on a comparative study of four field 
methods of water-table observation in Brookston clay loam 
soil near Elsie, Mich. An evaluation and discussion of a 
new depth and spacing formula proposed by Walker (4) 
is also presented. 


MATERIAL AND PROCEDURE 
The four methods compared in the spring of 1953 were 
2-in-diam auger holes, ¥-in-diam perforated wells, 2-in- 
diam perforated wells, and groups of six ¥-in-diam piezom- 
eters (Fig. 1). Observation devices for each method 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1953, 
as a contribution of the Soil and Water Division. This paper is 
authorized for publication as Journal Paper 1597 from the Michigan 
Agricultural Experiment Station. 


The authors—F. R. Hore and E. H. KippEr—are, respectively, 
lecturer in agricultural engineering, Ontario Agricultural College, 
and associate professor of agricultural engineering, Mechigan State 
College. 
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A. E. Erickson and E. P. Whiteside, soil science department, Michi- 
gan State College, for assistance with the soil analyses. They are 
indebted also to Roscoe Smith, George Moore, Robert Moore and to 
members of the agricultural engineering department staff of Michi- 
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*Bold-faced numbers refer to the appended references. 


ae 
—<— ae 

~ > Se 
WAL 


- _ - 
ee ee 


: — 
> A ales ~~ so 
ers GD 

” a ein a = So 


Pome In 
PeSON 


Of A ES 


Fig. 1 An installation for the comparison of four methods of water- 

table measurement. Left to right, 2-in auger hole (indicated by 

square wooden cover), %-in perforated well, 2-in perforated well, 
and group of six ¥%-in piezometers 
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were installed in a row parallel to a tile drain (Fig. 2). 
The spacing between the observation devices was 3 ft. The 
rows were placed at varying intervals of 2 to 20 ft symmet- 
rically on each side of the drain. The elevations of the 
bottoms of each observation device including the deepest 
piezometer were the same as the bottom of the drain. The 
bottom of the other five piezometers were placed at 6 and 
3-in vertical increments above the drain elevation. Ground- 
level elevations at cach row were also determined. Eight 
nylon resistance blocks were installed in one row at 6 and 
3-in vertical increments to ascertain their ability to indicate 
the extent of the saturated zone within the soil profile. To 
prevent compaction of the soil while making water table 
observations, two portable planks to walk upon were placed 
on top of cement blocks. Water table measurements were 
made with an electric waterlevel indicator to the nearest 
hundredth of a foot. 

Resistance readings of the nylon blocks were taken with 
a Bouyoucos bridge, and, by means of a potentiometer and 
thermocouples beside the blocks, temperature readings 
were made to determine the temperature corrections to be 
applied to the resistance readings. A standard non-recording 
rain gage was installed adjacent to the study site to record 
the rainfall prior to and during the periods of measurement. 
After obtaining the last water table drawdown measure- 
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Fig. 2. Plan view of the site used for a study of four field methods 
of water table observation 
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ments, undisturbed soil core 
samples 3 in in diameter and 
3in long were taken from 
each soil horizon in each row. 
The core sampler and sam- 
pling technique were similar 
to those described by Uhland 
and O'Neal (2). The percent 
by volume of pore space 
drained at a tension of 60 cm 
permeability, and volume 
weight determinations were 
made on each sample. 


ELEVATION —- FEET 


RESULTS AND DISCUSSION 
Two sets of daily water 
table drawdown observations 
were obtained between the pe- 
riods April 27 to April 30, 


PIEZOMETERS 
TWO INCH WELLS 

THREE - EIGHTHS INCH WELLS -—--— 
AUGER HOLES 


and May 3 to May 6, 1953. 
At the time the observation 
devices were being installed, 
a sandy loam pocket was en- 
countered near the south end 
of the study site (Fig. 2). 
The extent of the pocket was determined by means of a 
soil auger but the pocket was not contiguous to any tile 
drain. Therefore, there was no extraneous effect on the 
drawdown curves for any of the methods. However, the 
auger holes failed to stand up in the sandy loam pocket. 
This showed the inadequacy of this method in coarser 
textured soils. 

A statistical analysis of variance to evaluate differences 
between the water table data obtained by the four methods 
is shown in Table 1. The data compared in the analysis were 
checked to eliminate any source of error in measurement 
due to mud or sand in the bottom of the observation de- 
vices. The highest water-level elevation observed from the 
group of six piezometers was considered to be a measure 
of the water table reflected by the piezometer method. 


TABLE 1. ANALYSIS OF VARIANCE OF WATER TABLE MEASUREMENT DATA 


Degrees of 
freedom 


Sum of 
squares 


Mean 


Source of variation square 


Locations 12.29 


3-29 
0.63 


1.360# 


Deys 1.65** 


Methods O.21e« 


Locations x methods 0.36 0.013#* 


Locations x days 0.028e« 


0.51 


Methods x days 


0.07 0.0120 


Locations x methods x days* 0.36 0.0024 


Necessary 


Mean of methods differences 


Piezometers 


3-956 


* Best error tern. 
** Significant at the 1 percent level. 
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Fig. 3 Comparison of water table drawdowns for the four methods of measurement used 


The necessary differences between the means for signifi- 
cance at the 1 percent and 5 percent probability levels are 
0.034 and 0.025 ft, respectively. A recheck on the datum 
elevations used to determine the water-level elevations dis- 
closed an occasional maximum variation of 0.01 ft. For 
practical purposes this amount of error could be expected. 
Because of this known possible variation and lack of repli- 
cation, the necessary difference was based at the one percent 
level. 

A comparison of the four means indicates that size rela- 
tionship, which in this study was 16 to 1, was not necessarily 
the cause of significant differences. The water-level observa- 
tions from the piezometer method show the greatest lag. 
It also appears that observations from cased wells lag those 
from uncased holes, and there are indications that observa- 
tions from small cased wells lag those from large cased 
wells. However, more replicates of a similar study in still 
finer textured soils are necessary for more conclusive results. 

A graph of the drawdown curves on May 3 and May 5 
for each method is shown in Fig. 3 to illustrate the order of 
magnitude of the discrepancies observed between methods. 
From a practical point of view the lag in the piezometer 


TABLE 2. COMPARISON OF WATER TABLE ELEVATIONS OBSERVED BY 
THE FOUR METHODS TO THE ELEVATION OF THE 


SHALLOWEST SATURATED RESISTANCE BLOCK 


eGV0CGucuIc<a_uQ0eC—vwwwvv=rqquixrEINuvfN0éEur00™Oo@@m_"="=a=aaaqqqiq{q{q]]{{a2"aaaq{2annzqza{qanaqn@eEen"ae=e_e=_=_—_—_—_—s_yu»o@mauaa_r_r____EOEETS 
Elevations, ft 


Observation method May 4 May 5 


May 3 May 6 


Piezometer 4.27 


3-94 
3.94 
3.89 
4.38 


3-86 
3-77 
3-77 
3.77 
4.12 


3.69 
3.63 
3.65 
3.81 
3.87 


Two-inch well 
Three-eighths-inch well 
Auger hole 


Resistance block 


Maximum differences 0.24 


* Mud level. 
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method is quite significant, becoming most apparent toward 
the end of the drawdown period. It is, however, doubtful 
whether the small differences between the other three meth- 
ods are of any practical importance since it has not been 
established by scientific investigation to such a precise de- 
gree as these small differences, the recession rate of the 
water table required for adequate drainage. 

Only the general movement of the upper limit of the 
zone of saturation was obtained by means of the nylon 
resistance blocks. Laboratory calibration of resistance at 
saturation was not too closely related in some cases to what 
appeared to be the saturated resistance of the blocks in 
the field. 

However, it was assumed that a state of saturation 
existed if any field readings at any elevation remained 
fairly constant from day to day. Table 2 shows that for 
any day between May 3 and May 6, the blocks indicated 
that the soil was saturated to a higher elevation than the 
water table as indicated by any of the four methods. On 
May 4 a maximum difference of 0.49 ft was observed. This 
discrepancy is believed to be caused by a combination of 
disturbed soil surrounding the blocks causing reduced 
permeability, presence of a zone of capillary saturation 
immediately above the water table, and the failure of open- 
hole types of observation devices to reflect accurately the 
position of the water table. The significant differences found 
between methods seem to indicate that inaccuracies though 
small do exist. 


It appears that under these conditions the piezometer 
method is the most reliable of the four methods. Although 
there is no certainty that this method measures accurately 
the position of the water table, it does follow the upper 
limit of the zone of saturation as measured by the blocks, 
more closely than the other three methods. In the final 
analysis, a measure of the recession rate of this upper limit 
for adequate drainage should be the criterion sought. 

It was desirable to carry this study further by utilizing 
the soil test data obtained from the study site to evaluate 
under Michigan conditions a new depth and spacing 
formula proposed by Walker (4). The regular use of the 
formula is to assume two different drain depths and solve 
for the drain spacing at each depth. A comparison of the 
two solutions will indicate the most economical design. 
However, the evaluation procedure for this, study was to 
use the depth of the installed drains at the site, solve for 
the drain spacing, and compare this computed spacing with 
the actual field spacing. 

The formula consists of two parametric equations 

Cos 6 =Ayp/2 Kt 
and S=2conj y tan 4 

The computation for determining the spacing is as 

follows: 


Depth of drain from ground surface. . . . . 2...) (20ft 
Recession increment per day, 4y . . . . . . . OT ft 
Porosity X unitvolume,p .. .... =. =. =. +. +. 0.087 
OME one, Se ew eS ROB 
Minimum permeability, K . . . .... . . . 1.50fpd 
MOWO— eRe ek ke a Rw se LA ES Oe 
(a ee ne a en ee 
Average depth to drain, conjy. . . . . 2... . 0.65 Ft 
specie, Sa—Zecompytan@® 2. 2. kk cw ts CASE 
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The computed spacing is 64.2 ft whereas the field spac- 
ing is 110 ft. The owner of the property has observed the 
drainage of the field since the time that the drains were 
installed some 40 years ago. His opinion was that the 
drains were spaced too far apart because during an occas- 
ional prolonged wet spring, the drainage has not been 
adequate. 

Since the minimum recession rate in the formula was 
obtained from the investigational work of Neal (1), his 
observations were evaluated. He observed that crops were 
not seriously injured, if, in essence, the water table was 
held at least 6 in below the surface, and receded to a depth 
of 18 in below the surface in 29hr. Using the drawdown 
curves obtained from the comparative study, it was found 
that a drain spacing of 20 ft would be required to meet 
these conditions. Thus it seems quite evident that more 
specific knowledge of the minimum recession rate of the 
water table for adequate drainage is needed at this time in 
order to know first what criterion should be used for depth 
and spacing design. Walker's (4) formula did, however, 
give a spacing in close agreement with recommendations by 
experienced drainage engineers. 


SUMMARY 

Four field methods of measuring the water-table draw- 
down characteristics were compared to determine whether 
there were any differences in observational data. Two-inch 
auger holes, ¥-in perforated wells, 2-in perforated wells, 
and groups of six ¥-in piezometers were installed in par- 
allel rows to a tile drain at varying intervals symmetrically 
on each side of the drain. One set of nylon resistance 
blocks was installed in an attempt to evaluate the methods 
further. 

A statistical analysis of variance revealed significant 
differences between data from all methods except between 
data from the 2-in and ¥-in well methods. With the qual- 
ification that more replicates are necessary, it was concluded 
that observations from cased wells lagged those from un- 
cased wells, observations from small cased wells lagged those 
from large cased wells, and, under these study conditions, 
the piezometer method was more reliable based on results 
obtained from the resistance blocks. 

A newly reported depth and spacing design formula 
was evaluated under Michigan conditions. The formula 
gave results in accord with recommendations of experienced 
drainage engineers. It is quite evident that more specific 
information on the minimum recession rate for adequate 
drainage is needed. 
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Contemporary British and European Tractors 
Wayne H. Worthington 


Fellow ASAE 


(Continued from the March, April and May issues) 

An interesting series of air-cooled diesel engines is used 
to power the farm tractors built by the world’s oldest manu- 
facturer of internal-combustion engines, Klockner-Humbolt- 
Deutz of Cologne. Their output includes five wheel trac- 
tors ranging in size from 11 to 60 hp and one 60-hp track- 
type tractor. Brief specifications of the wheel tractors are 
given in Table 10. 

Hydraulic power lift with a two-cylinder double rock- 
shaft and three-point implement attaching linkage is avail- 
able for the 15 and 30 hp models. No automatic control of 
draft or working depth is provided. 

DEUTZ air-cooled diesel engines used in the four large 
tractors are described in detail in this author's paper, en- 
titled ‘Contemporary European Air Cooled Diesel Engines,” 
SAE Transactions, vol. 61, 1953, and will not be discussed 


was placed in production in 1952, and differs from the 
others in having the cooling-air fan cast integral with the 
flywheel, in the use of cast fins surrounding the cylinder 
barrel, and in the use of an auxiliary rotating balance 
weight which permit higher rotating and piston speeds. 

The Hannover Machine Works of Hannover manufac- 
turers HANOMAG motor trucks, track-type and wheel 
tractors. One two-cycle and three four-cycle basic diesel en- 
gines are built as follows: 
3.34-in bore x 3.54-in stroke 


(air cooled 1—2-cycle) 
One cylinder 


12-hp wheel tractor 

3.54-in bore x 4.33-in stroke with precombustion chamber 
Two-cylinder at 1600 rpm 16-hp wheel tractor 
Two-cylinder at 1950 rpm 19-hp wheel tractor 
Three-cylinder at 1500 rpm 22-hp wheel tractor 
Three-cylinder at 1900 rpm 27-hp wheel tractor 
Four-cylinder at 1500 rpm 28-hp wheel tractor 
Four-cylinder at 1900 rpm 35-hp wheel tractor 
Four-cylinder at 2800 rpm max —50-hp 114-ton and 2-ton truck 


here. The single-cylinder engine used in the smallest tractor — 4.33-in bore x 5.90-in stroke with open combustion chamber 

Cee Four-cylinder at 1200 rpm 45-hp wheel tractor 
Four-cylinder at 1300 rpm 55-hp wheel tractor 

4.53-in bore x 5.90-in stroke with open combustion chamber 
Six-cylinder at1300 rpm 90-hp track-type tractor 


The author — WayYNE H. WorTHINGTON — is director of engi- 
neering research, John Deere Waterloo Tractor Works of Deere 
Manufacturing Co. 


TABLE 10. DEUTZ WHEEL TRACTORS 


Rated belt horsepower 11 15 30 42 60 
Engine — no. of cylinders 1 1 2 3 4 
Bore and stroke, in 3.54 x 4.72 4.33x 5.51 4.33:x:3.51 4.33x 5.51 4.33x 5.51 
Engine speed, rpm 2100 1650 1650 1650 1650 
Piston speed, fpm 1652 1515 1515 1515 1515 
Starter Electric 12-v Electric 12-v Electric 12-v Electric 12-v Electric 12-v 


Speeds, mph (min. tires) 
Forward 
First 1.06 1.93 2.18 2.49 2.36 
Second 2.05 2.68 2.92 3.23 3.30 
Third 3.36 3.73 3.61 4.23 4.22 
Fourth 3.11 7.46 7.46 7.02 7.46 
Fifth 6.21 12.42 12.42 12.42 12.42 
Sixth 9.94 — — _ —_ 
Reverse 
First 1.06 1.93 2.80 1.99 1.86 
Second 2.05 -- - ~ 
Third 3.36 -- - - 
Power shaft 
Size 1%, 6 spline 1%, 6 spline 1%, 6 spline 1% 6 spline 1%, 6 spline* 
Speed, rpm at rated engine speed 560 and 1650 594 575 - 540 
he Mower drive, rpm 1100 - - — 
Tires, regular 
Front 4.00 x 16 5.00 x 16 5.50 x 16 6.00 x 20 6.50 x 20 
6 00 x 20 6.50 x 16 
Rear 8-24 8-32 10-28 
7-30 10-28 11-28 13-30 13-30 
7-36 9-42 14.00 x 20 15-30 
Wheelbase, in 70.9 62.3 68.5 81.5 95.6 
Tread, in (regular) 
Maximum 59.0 59.0 59.0 py 60.7 
Minimum 49.2 49.2 9:2 - 
Special, min — 34.6 - — 
i” Drawbar height, in 
tae For implements 11.8 to 16.5 12.8 16.1 16.9 14.6 
Syeeh 7 For trailer — 18.1 20.8 to 31.5 26.8 to 27.6 31.5 
ae Turning radius, min 
ee Without steering brakes 10 ft 10in rani foal 9 ft 10 in 16 ft Sin 
ig With steering brakes 9 ft 9 ft 2in 8 ft Gin — 13 ft 2in 
Operating weight, Ib 1825 2825 3805 5160 6380 
Weight per bhp, Ib 166 188 127 123 106 


*Special equipment. 
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The large number of ratings are confusing and difficult 
to understand, but our information is that domestic needs 
for wheel tractors are largely taken care of with the 12, 19, 
and 35-hp models. Specifications of these are given in Table 
11. Unfortunately, no photographs are available of any of 
these tractors. 


Available extra equipment includes hydraulic-power 
lift with centrally mounted rockshaft for the operation of 
implements mounted at the front, middle, and rear; three- 
point implement attachment linkage without automatic draft 
and depth control; side-mounted mower drive; wheel 
weights, auxiliary skeleton wheels, spring pintle hook, belt 
pulley, fenders with seat, cab, and creeper transmission. 
Hanomag has cooperated with a number of independent 
implement manufacturers to develop equipment which may Fig. 49 Cross section of two-cylinder model of Allgaier 
be offered their dealers. air-cooled tractor 


The use of one, two, three, and four-cylinder engines Black Forest area of Western Germany. This firm manu- 
has introduced a number of compromises in weight per factures tractors with single, two, three, and four-cylinder 
horsepower and weight distribution. In their new 12-hp air-cooled four-cycle diesel engines, all with a bore and 
tractor, they appear to have gone far toward the objective stroke of 3.73 and 4.53 in, respectively. They are rated at 
of producing a light-weight tractor with good weight 11 bhp per cylinder at 1850 rpm and piston speed of 1400 
distribution. fpm. The air-cooling system is built under license from 

The ALLGAIER Works of Uhingen is located in the Dr. Porsche, designer of many famous German sports and 


TABLE 11 HANOMAG WHEEL TRACTORS 


Model R 12 R 16 R19 R 35 
Rated horsepower i 16 19 27 35 


Belt horsepower, max — i Re 18 23:5 33:5 
Engine bore and stroke, in 3.34.x 3.54 3.54x 4.33 3.54 x 4.33 3.54 x 4.33 3.54 x 4.33 
Type 2 cycle 4 cycle 4 cycle 4 cycle 4 cycle 
No. of cylinders 1 2 2 3 4 
Speed, rpm — 1600 1950 1900 1900 
Piston speed, fpm oa 1152 1410 1370 1370 : 
Starting 12-v 12-v 12-v 12-v 12-v ‘ 
Tire sizes (regular) 
Front 4.00 x 16 4.50 x 16 4.50 x 16 5.350 x 16 6.00 x 20 
Rear 7-30 7-36 8-32 8-36 9-42 
Tread, in 49.2 49.2 49.2 49.2 49.2 
54.1 54.1 54.1 bb ee | $5.1 
58.3 594 59.1 61.0 61.0 
Wheelbase, in 70.8 63.0 63.0 67.0 70.8 
Ground clearance 
Under front axle 16.35 — — — — 
Under rear axle 16.75 — — ~- — 
Travel speeds, mph 
Forward 
First 0.92 2.30 2.36 2.30 2.30 
Second 1.68 2.98 3.05 3.05 3.11 
Third 2.86 3.98 4.11 3.86 3.91 
Fourth 3.58 7.21 7.41 6.96 Tian 
Fifth 6.73 11.88 11.58 11.06 11.38 
Sixth 11.68 
Creeper speeds* 
First 0.37 0.53 0.48 0.53 0.53 
Second 0.68 0.68 0.62 0.72 0.72 
Third 1.18 0.93 0.83 0.90 0.90 
Operating weight, lb 1760 2575 2575 3345 4095 
Weight per bhp 147 166 143 131 122 
Weight distribution, Ib 
Front os 1035 1035 1145 1320 
Rear -- 1540 1540 2200 2775 
Weight on front wheels, percent — 40.2 40.2 34.3 32.3 
Turning radius, ft 
Without steering brakes — 10 ft 6 in 10 ft 6in 1) ft lin 12 ft Gin 
With steering brakes — 8 ft in 8 ft 3in 8 ft 6in 10 ft 2in 
Power shaft 
Size, in 1%, 6 spline 1% 6 spline 1%, 6 spline 1%, 6 spline 1%, 6 spline 
Speed, rpm 575 553 $72 553 553 


* Available as special equipment. 
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TABLE 12. ALLGAIER AIR-COOLED TRACTOR SPECIFICATIONS 


Model Alll A 12 
Rated horsepower 11 22 
me 


> 


No. of cylinders 
Engine speed, rpm 
Piston speed, fpm 
Starting i2 volt 12 volt 
Tires sizes, regular 
Front 4.00 x 15 5.50 x 16 
Rear 7-24 10-28 
Wheel tread, in 39.3 min 49.2 
6.2.9 max 54.3 
- = 59.6 
— 64.9 
Wheelbase, in 66.9 59.2 
Travel speeds, mph 
First 1.9 1.47 
Second 3.1 2.33 
Third 5.0 3.34 
Fourth 9.5 5.76 
Fifth _- 11.51 
Reverse 0.99 1.47 
1.60 —- 
2.40 —_ 
4.70 — 
Creeper — 
Weight, Ib ; 2975 
Weight per rated bhp, Ib 135 
Power shaft 
Front-size, in 1%, 6 spline 
Speed, rpm 1000 
Rear, rear-axle driven J Yes 
Rear, transmission driven 
Size, in 1%, 6 spline 1%, 6 spline 
Speed* 550 584 


*Speeds at engine rpm shown. 


racing cars. A swirl combustion chamber is used. A cross 
section of the two-cylinder model is shown in Fig. 49. A 
number of interesting features are shown including the 
barrel-type crankcase with individual cylinders, the centri- 
fugal cooling air blower, and fluid coupling in the flywheel. 
An auxiliary power take-off, driven through a spiral bevel 
pinion from the differential bevel drive gear, gives a speed 
proportional to travel speed. Also shown are the forward 
location of fuel tank and front ballast weights, front and 
rear power-take-off shaft and hydraulic implement lift with 
automatic draft and depth control. The single-cylinder trac- 
tor is shown in operation in Fig. 50. Brief specifications of 
their latest tractors are given in Table 12. 

Three-point implement attachment linkage is available 
with a hydraulic control having automatic draft and depth 
control. Special equipment includes a side-mounted mower 
drive and a number of optional tire sizes not listed. The 


in operation 
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large number of unusual fea- 
tures incorporated in these 
tractors evidences a great meas- 
ure of ingenuity. 

The Neuss Works of the 
International Harvester Com- 
pany manufactures tractors 
5.50 x 16 6.00 x 20 with three and four-cylinder 
— sites diesel engines using a maxi- 

piv a iesel eng using a mé 

54.3 55.2to 65.0. Mum number of common in- 

59.6 terchangeable parts, with a 

08 precombustion chamber simi- 

lar to that used on the Amer- 
ican-built tractor. A two-cylin- 
der tractor, as yet unannounced, 
is in development. These 
German-built tractors were de- 
signed at the Neuss Works 
and are built to meet conti- 
nental requirements and con- 
ditions. Specifications have so 
far been made available only 
for the four-cylinder engine, 
1%, 6spline 1% 6spline Which are briefly summarized 
950 1000 in Table 13. 

Yes ‘ No : 5 esta 
The point of special interest 
1% 6spline 1%, 6spline regarding these engines is their 
ints = successful operation on the 
diesel cycle with a bore diam- 

eter of only 3.15 inches. 

One factor which has made possible the manufacture of 
tractors by so many small manufacturers is the availability 
of complete transmissions and auxiliary equipment. The 
latter includes drop axles with final drives, transmission- 
driven rear power take-offs, front or side-mounted power 
take-offs for mower drive, steering and parking brakes, fric- 
tion clutches, belt pulleys with drives, front axles, and steer- 
ing gears. By using combinations of “‘standard’’ parts, it is 
possible to meet a wide variety of power and working con- 
ditions. There are four such manufacturers in Western Ger- 
many, the most prominent being the Friedrichshaven Gear 
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TABLE 13. MODEL DF GERMAN-BUILT IHC TRACTOR 
GENERAL SPECIFICATIONS 

Rated belt horsepower 25 
Number of cylinders 4 
Bore and stroke, in 3.15 x 4.00 
Compression ratio 19:1 
Speed, rpm 1650 
Starter 12-v with glow plug 
Power shaft 

Size, in 1%, 6 spline 

Speed, rpm 550 
Travel speeds, mph 

First 2.34 

Second 3.08 

Third 3.97 

Fourth 9.42 

Reverse 3.26 
Tires (regular) 

Front 5.00 x 16 

Rear 9-42 
Wheelbase, in 78.3 
Turning radius, in, min, with steering brakes 10 ft 8 in 
Weight, lb 3850 
Weight per bhp, Ib 154 
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Fig. 51 Longitudinal section of ZF transmission (Friedrichshaven 


Gear Works) 


Works and its licensee, the Passau Gear Works. The Augs- 
burg Gear Works, manufacturers of the RENK transmis- 
sion, has a French licensee to supply domestic French tractor 
builders. Sections of ZF transmission units, built by Fried- 
richshaven Gear Works are shown in Figs. 51, 52, and 53. 
In general, gears are made of casehardening alloy steel. 
One steel commonly used contains approximately 1.5 percent 
of both nickel and chromium. Induction hardening is not 
used with either carburized or full-hardening gears. Exten- 
sive use is made of the “spread center’ or ‘variable center” 
practice in cutting spur gears. When spur gears are cut on 
Maag generators, 20-deg basic rack cutters are used, or when 
cut on Fellows-type machines, 20-deg circular cutters are 
used. Gears generated by either method operate at pressure 
angles up to 26deg. The final finishing on the working 
faces is obtained by either shaving previous to hardening or 
by grinding with generating or formed wheels after harden- 
ing. Many gear plants in Western Germany used American- 
built Gleason spiral bevel-gear generators, which produce 
gears generally similar to those made in this country. More 
generally used are “Eloid” spiral bevel and hypoid gears, 
with teeth cut on Oerlikon spiral bevel-gear generators. These 
machines are built by the Oerlikon Machine Tool Works of 
Ziirich-Oerlikon, Switzerland. Eloid gearing has teeth with 
a constant height over the face, in which the elements of the 
root and face cones are parallel. Data regarding contact 
conditions or beam strength has not been made available. 
Many manufacturers in limited production have incor- 
porated features which evidence great ingenuity and con- 
sideration for meeting special requirements. One such is 
that built by the Andreas STIHL Machine Tool Works of 
Waiblingen. This tractor is equipped with a single-cylinder 
air-cooled two-cycle diesel engine with bore and stroke of 
3.54.x 4.72 in, respectively. This engine was described in 
the paper entitled ‘Contemporary European Air Cooled 
Diesel Engines’ (SAE Transactions, vol. 61, 1953). Fig. 54 
shows a general view of the tractor as tested at Marburg. 
The tractor delivers 12.4 bhp maximum at 1914 engine rpm, 
with a specific fuel consumption of 0.473 lb per bhp-hr. 
Minimum specific fuel consumption at 85 percent maximum 
output was 0.460 lb per bhp-hr. A steel tubular member 
forms the tractor frame and connects the transmission with 
the clutch housing. The tractor has a wheelbase of 55.1 in, 
treads front and rear of 50.5 in and 58.8 in, a minimum 
turning radius, using steering brakes, of 9 ft6in. Four 
forward speeds of 1.70, 3.2, 4.56, and 8.64 mph are pro- 
vided with a reverse of 1.70 mph. Operating weight without 
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Fig. 52 Differential and final drive, straight-through axles of ZF 
transmission (Friedrichshaven Gear Works) 


Fig. 53 Differential and final drive with drop housings of ZF 
rear axle (Friedrichshaven Gear Works) 


operator is 1590 Ib with 755 lb, or 47.5 percent, supported 
on the front wheels. 

Joseph BAUTZ of Saulgau, Wiirttemberg, is a long-time 
manufacturer of hay tools and grain binders, and more 
recently of three models of tractors. These are powered with 
engines built by the Mannheim Machine Works and are 
rated at 14, 17, and 24 bhp at 1800 rpm. The bores are 
hard-chrome plated for long life. The tractors have a wheel- 
base of 68 in, minimum turning radius of 981 in and 
weights of 2135, 2950, and 3080 Ib, respectively, or 152, 
174, and 128 lbper bhp. A discrepancy of this nature is 
hard to understand. Unfortunately no photographs are avail- 
able for reproduction. 


Xavier FENDT and Co. of Markt Oberdorf, Bavaria, 
built five models of tractors using engines manufactured by 
the Mannheim Machine Works with ZF transmissions sup- 
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Fig. 54 Stihl tractor with single-cylinder air-cooled engine 
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Fig. 55 Fendt ‘Dieselross’’ tractor with two-cylinder-engine 


plied by the Friedrichshaven Gear Works. Specifications of 
the two tractors tested at Marburg are shown in Table 8. 
Fig. 55 shows the two-cylinder Model F 28. The cylinder 
bores of the MWM engines are porous chrome plated to 
better withstand sulfur erosion. The eight travel speeds, 
ranging from 1.55 to 12.42 mph, show the versatility which 
this manufacturer builds into his tractor to meet small farm 
needs. 

The FAHR Machine Works of Gottmadingen manufac- 
tures a number of heavier farm machines such as field chop- 
pers and combines, including one of two German-built self- 
propelled combines. They also manufacture tractors using 
engines supplied by other manufacturers with transmissions 
built by their subsidiary, the Passau Gear Works. Four wheel 
tractors are built in seven sizes as follows: 


Model D12 D117 D25 D30 D45 D60 
Rated belt hp iz 17 25 30 45 60 
Weight, lb 2425 2932 4300 4344 5324 6615 
Weight per bhp, lb 203 = 173 : 72 145 218 120 


The three-point implement attaching linkage with 
hydraulic-power lift is available as special equipment but 
without automatic draft and depth control. Fahr offers their 
dealers a wide variety of implements for attaching to the 
three-point tractor linkage. Most of these are manufactured 
by independent implement builders. 

The Fahr Machine Works also builds an interesting one- 
axle (garden tractor type) tractor, powered with a 10-hr, 
four-cycle, two-cylinder-opposed engine for which a two- 
wheel riding cart is available. This little tractor is mounted 
on 7-18 pneumatic tires with treads adjustable to 26, 34, 42, 


Fig.57 MAN 18-hp tractor with single-cylinder engine 
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Fig.56 Guldner 17-hp tractor with single-cylinder engine 


and 50-in widths. Four forward speeds of 1.6, 2.8, 4.7, and 
9.3 mph are available. The differential has an individual 
wheel lock. Several thousand single-axle tractors of this gen- 
eral type are manufactured each year in Western Germany. 

The GULDNER Motor Works of Aschaffenburg is a 
long-established manufacturer of internal-combustion en- 
gines. At present, they build three models of tractors rated 
at 17, 22, and 35 engine horsepower, respectively. The 
smallest of the engines is shown in Fig. 56. The two smaller 
tractors have been officially tested at Marburg and the speci- 
fications listed in Table 8. Little information is available 
regarding the 35 hp tractor other than that it is provided 
with a five-speed transmission with speeds from 0.90 to 
12.75 mph and has a shipping weight of 4115 lb. 

The HOLDER Machine Works of Grunbach has manu- 
factured single-axle and four-wheel tractors, optionally 
available with either gasoline or diesel two-cycle air-cooled 
engines rated at 9.5 bhp at 2000 rpm. More recently they 
introduced a four-wheel tractor of equivalent power, with a 
two-cycle diesel engine, and weighing 1340 lb. Tread widths 
of 29.5, 39.4, and 45.3 in are available. These small trac- 
tors are intended for use in truck garden and small farms. 

KRAMER Brothers Machine Works of Gutmadingen 
manufactures tractors rated at 12, 17, 22, 33, and 45 bhp. 
These are variously powered with one, two, and _ three- 
cylinder air and water-cooled engines. A six-speed trans- 
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Fig. 58 MAN spherical combustion chamber in piston head 
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Fig. 59 Front view of Orenstein-Koppel and Lubecken V engine 
showing auxiliary-drive gear train 


mission is used on the two smaller tractors with five speeds 
provided for the three larger sizes. As these tractors have not 
been officially tested, their performance cannot be reported. 

The MAN Works of Niirnberg, the world’s oldest 
manufacturer of diesel engines, manufactures four-wheel 
farm tractors of 18, 25, 30, and 42 hp. The former, shown 
in Fig. 57, is powered with a single-cylinder engine. The 
others are built with two-wheel and four-wheel drives and 
are all powered with four-cylinder engines. These engines 
all feature the MAN spherical combustion chamber formed 
in the piston as shown in Fig. 58. A removable cast cover 
completely encloses the injection pump and drive. None of 
these tractors have been tested at Marburg, but at Ultuna, 
Sweden, the two and four-wheel-drive tractors rated at 25 
bhp developed a maximum output of 24.85 bhp with a 
specific fuel consumption of 0.401 Ib per bhp-hr. It was 
found that at normal travel speeds of 3.67 and 5.22 mph, 
the drawbar pull of the four-wheel-drive tractor was slightly 
lower than that of the two-wheel drive, because of less wheel 
slippage and consequently higher travel speed. The over-all 
efficiency of the four-wheel-drive unit was 3 percent higher 
in the 3.67 mph travel speed and the same at 5.22 mph as 
compared with the two-wheel drive. The belt horsepower 
measured at the dynamometer as at Nebraska was 92 percent 
of the engine power, evidencing abnormally high transmis- 
sion losses. 

The ORENSTEIN-KOPPEL and Libecken Machine 
Works of Dortmund-Dorstfeld manufacture tractors of 18, 
36, 40, 50, 75, and 100 hp. The engines and transmissions 
used in these tractors are as follows: 


Rated belt horsepower 18 36 40 50 75 100 
No. of cylinders 1 2 2 2 4 4 
Bore, in 4.54 454 4.72 4.72 4.54 4.72 
Stroke, in 6.3 6.3 6.3 6.3 6.3 6.3 
No. forward transm. speeds 5 5 5 5 6 6* 


*Special high speed optionally available. 


All two and four-cylinder engines are of the V type as 
shown in Figs. 59 and 60. Transmissions are manufactured 
by the Fredrichshaven Gear Works. The 36 and 50 hp trac- 
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Fig. 60 Longitudinal and lateral sections of Orenstein-Koppel and 
Lubecken V engine 
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Fig. 61 Orenstein-Koppel and Lubecken 18-hp tractor with 
single-cylinder engine 


Fig. 62 Orenstein-Koppel and Lubecken 100-hp tractor with 
four-cylinder V engine 


tors have been officially tested at Marburg. The results of 
the belt tests are as follows: 


Rated horsepower 

Maximum corrected belt horsepower 

Specific fuel consumption at max belt horse- 
power, lb per hp-hr 

Operating weight without ballast and operator, lb 
Front wheels 
Rear wheels 
Total 


Percent of total weight on front wheels 


1980 

2595 

4575 
43.2 


The information regarding the 50-hp tractor is from an 
unpublished and incomplete Marburg report. No three- 
point implement attachment or hydraulic controls are avail- 
able. The 18-hp tractor is shown in Fig. 61 and the 100-hp 
tractor in Fig. 62. 

Karl RITSCHER, Inc., of Sproetze, manufacture four- 
wheel tractors rated at 12, 20, 28, and 40 hp. The 12 and 
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Fig.65 Ruhrstahl implement carrier 


20-hp models are powered with single-cylinder engines, the 
28-hp model with a two-cylinder engine, and the 40-hp 
model with a four-cylinder engine. All engines are manu- 
factured by the Mannheim Machine Works (MWM). 

The side elevation of-the single-cylinder tractor is shown 
in Fig. 63. The tractors have not been tested at Marburg 
and available data regarding their construction is inadequate 
for detailed consideration. 

The ROHR Machine Works of Landshut, Bavaria, build 
four basic models rated at 15, 20, 28, and 40-bhp. All are 
powered with MWM diesel engines. The first two have one- 
cylinder engines, the 28-hp model has a two-cylinder en- 
gine, and the 40-hp model a three-cylinder engine. The 
tractors appear to be assembled with a ‘‘standard”’ transmis- 
sion. No official test data is available and the information 
received from the manufacturer is inadequate. 

The PRIMUS Tractor Company of Miesbach, Upper Ba- 
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varia, build tractors rated at 12, 17, 20/24, and 30/36 hp. 
These are powered with one, two, and three-cylinder diesel 
engines. The 30/36-hp model is shown in Fig. 64. These 
tractors have not been officially tested and the manufacturer's 
information is insufficient for study and evaluation. 

In an effort to provide an “implement carrier” which can 
use existing animal-drawn implements, the RUHRSTAHL 
Works, Witten-Anne, have developed and officially tested 
the tractor shown in Fig. 65. This unit is powered with a 
two-cylinder diesel engine which developed 19.55 hp at the 
belt, with a specific fuel consumption of 0.556 Ib per bhp-hr. 
Four forward and four reverse speeds of 1.96, 3.28, 5.38, 
and 10.20 mph are provided. This manufacturer's literature 
makes a good case for power farming but contains little 
information regarding what implements can be used with 
this tractor and how they may be mounted. 

The engineering of the components, such as engines and 
transmissions, used in contemporary German wheel tractors 
is of a superior order and reflects great engineering skill. 
However, that part of tractor design requiring a complete 
knowledge of farm operations and crop practices appears to 
be considerably less developed. The small manufacturers are 
handicapped by a lack of engineering facilities and their 
limited production cannot support research and development 
on the scale necessary to a quick solution of the many 
problems involved. The larger manufacturers are handi- 
capped by a self-imposed competitive situation that involves 
far more types and sizes than can be justified by the require- 
ments. Efforts to use the greatest number of interchangeable 
parts have in many cases defeated the design objectives to 
be met by the smaller tractors if they are to capture the 
market for which they are built. 

In conclusion, it appears that although full mechaniza- 
tion of the farms in Western Germany offers many unsolved 
problems, enormous strides have been made by the few ex- 
perienced tractor and implement builders and that future 
efforts may be expected to follow the lines of development 
rather than invention. 


Grain Drying with Unheated Air 
(Continued from page 395) 
pressure bin than to the suction bin during a large part of 
the drying period. 

3 Air moving through a fan becomes heated as a result 
of the energy required to drive the fan. In the pressure bin 
this heat is applied to the air before it enters the grain, 
increasing its drying power. In the suction bin the heat is 
applied to the air after it has left the grain and therefore 
it not usable for drying. Under the conditions of these 
tests the temperature rise due to this cause was about 3F. 
While this is not a large temperature difference, it is enough 
to increase the rate of drying substantially. 

Weather conditions during both seasons of corn drying 
were unusually favorable. Corn and oats can be dried suc- 
cessfully with this type of building. The operation would 
be more economical from a power viewpoint if the air were 
more uniformly distributed. 

With the plywood bulkhead, these bins have given an 
excellent opportunity to determine the nature of flow paths. 
The humidity elements have proven very useful in detecting 
grain-moisture gradients. 


i ee co: ae ee eran OM Mirch 8 Pe ee Gee x & ae 
Ys a et | RARE ae i oS ee B'S oes rt j ‘Se AS SUS 9 Pama eal ee er Np fe Jue ie aac OU ks i 
et. ea : ee eneremmer | es oes i q pO EA, aes Ra aE § abe o A nce Be | 
ea a i : as fe) = ier etl RSS AF Cie Reg Merion Rae ean Ps Ae eee . Ti: 
oo: ao ie eae Ps ee ee reer. At es i ie ee ah Se y, 
So a ¥ Beret ere a ge Ses oes 5 eae mee ae are er er en es * rF de a: 
Ee ag 
hens eS 
tees 
Bt ee 
eee AGRICULTURAL ENGINEERING for June 1954 —_ 
is a x a “ ae . J a es Oe les ee Z 
Teter ta  _— an Es Cees oe aie SESE 
ra . e. Saw: :, baie 
eh, s 2 2 doe ie ne: an. 
hee ie : H ea Oe - RQ a Vigeaga tr 
saan . A for s 
ate / « i_iawkd 7 s 3 E ne 
Nese tat . — + ~<Ra. “Gig 3 facta 
fe eee SG aa = - yw ge 
Mee ode a Co nn — 4 iJ : ‘ae 
Tee , ee, ond —Y. a vs te PA: 
Sete ete Xow =# * 2 iw j 
ie ay que ey s <= om wae a es a 
ae . a aes Care eS aoe 
ack oe : ed ep nee ae ct ae 
sete X a (ora eee, a i 
yee - ANS ae —_— a Ne aa : 
} . Ss —— Patan ee oo See = 
ey ee ‘ cil a ag NS ner 2 
Heel: a ~ = =m Ri ey 2 * 
res a 0 
ae. Fig. 63 Karl Ritscher 12-hp tractor with single-cylinder engine 
Sa 
a . 
a ae ® i Pe SS) EP 
ad Oe a ~ oa gt ee 2 (| ae 
eae mm / ||.  Aemeaat’ ——eea 
eee . 5 — ven earl _—— 
ae _ {i Ee & > Oe 
' ie — i a pee SS aa en 4 
Bes ae i et a ——— wap = 2 4 
et itt : Ba ate oP. “4 
ee : of me a i a . 
Beek. : —_ ie Ls : re a eee il 
SO. — ——————— NE 
Bat te _ = Sh — a 
Uta r, TS ete sete We || ||| Occ ea 
Dine ad ey - nae = f= Be Pets soe ; 
ea ae a ae b , 20a. yy eaten 
ba Sra ae - Ls 1{" ora ee 
oe ; ai \\ We | || eet a 
Janie : gg %, ° t; . Leak Lh tO SE Saye 4 
aetna ee ‘ a t a) ws — a .. 
Fi eer Ne | cyt wy ae @ A wal 
on OP a . ng ie ~ ~- & At 7 “ ; 
See 5 4 . a ares | At 5 a Pas Ss * 
ae ‘ st ak a ee CY 
bis Seria ee) ean dL ae Era = } 
Sar rage a ne 3 Fela iy: ~ dE pet Sea met , = 
ace aS see” eis, te A eee 
‘eth mareedal a oe ae” 0 aaa Bit okadl Rae pes iin als : 
Pe RN oo ere We oS ee ome Re al 
a Ae PO ee i eS : 
Hci Ceo Oe ee ee J 
ee Ee OS a 
pi ee SS OE a y 
ar q 3 Sos , ine se & 
ae Fig.64 Primus Model 30/36 tractor with three-cylinder engine atl 
go a 
slip 2. 
ee vs “Oa I Fd 
Ba ee a7 
Re rea - . A 7 E J 
eae 4 2 is, Ses 2 
em em : str, ky >: ' Bes ate! ia. Se ae 
eat) . hay? we vs Nad Se 
ages Pe ae saan SOE gh: 2 “Sey eee 
Bs 2 ae id * OK - a | e fal me Ea 
on eae SS a yg 
bah tee ; a Pe 16 See 
Boye eee Ce en en i eS | 
Tee Fae a We ae. ih: Re: > . 
Meee: ee ll «0 een eT 
Teen ee IO DME ee, 2 ine Bi ee Le le ee 
=e. Css 
‘ oe 
eae 
ee 
fo 
ee 
ie 2 
Spates 
ae ‘ a Ey as i ee og Berd Bie eh: AN STE ST at ae ee ee ‘ piers as cigaees' : asap ia ; 
ic i OAS Calis eter oa tad So. seca tomate er Se te soa it or eager ye i 
Rae Re ake ys EN SS ee 2 BS Viaeag ete Cr ER . 
Ney, = See Vice) fe a Me eae Soa So Aaa ane pe > ae ‘ * 
fs ie | Eo re eee ee cee eS a eset eee ae 1 ; 
Toe ot ie el ee. eae: <a bie eee eda IR hh Re) Uircgy Sons BON’ pee oe * ana woe. ; AW : 


406 
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Equipment for Heat-Treating Garbage for Hog Feed 


Paul James 


N JULY, 1952, a contagious swine disease known as 
vesicular exanthema began to sweep through the coun- 
try. In 45 days it traveled through 18 states. By the end 

of the first year it had left a trail of lame and sick pigs in 
almost every state. 

There was no question but that the disease was rapidly 
getting out of control. Matters were made worse because 
this disease of swine was difficult to tell from the most 
dreaded of animal diseases—the foot and mouth disease. No 
chances could be taken with the tremendous capital invest- 
ment of this nation’s swine. Veterinarians of state and fed- 
eral governments agreed the disease was carried chiefly by 
raw garbage fed to pigs. Meetings were held with state and 
federal regulatory officials and representatives of the swine 
industry, and all agreed that in order to eradicate the disease 
one important step would be to prohibit the feeding of raw 
garbage to swine. It was realized that over a million swine 
a year are produced by feeding raw garbage to them, and in 
order to utilize this valuable by-product, some way had to 
be found to make the garbage safe so that it could be fed 
without spreading disease. 

The majority of the states passed laws permitting the 
feeding of garbage if it was boiled one-half hour to kill 
any disease virus present in it. The questions then began to 
flood both state and federal agricultural departments. How 
do we cook twelve tons of garbage at a time? What is the 
most economical setup for cooking one barrel at a time? 
What about pressure cooking? Can we cook in our collec- 
tion trucks? From the nature of these and many other ques- 
tions it was quite evident there was need for a calm and 
orderly approach to the problem from a scientific engineer- 
ing viewpoint. 

In handling this urgent problem, the USDA engineer 
assigned to it first visited numerous installations in the 
neighborhood of Washington, D.C., in order to observe 
both good and poor designs. On these visits temperatures 


Paper presented at a meeting of the Washington (D.C.) Section 
of the American Society of Agricultural Engineers, at Washington, 
February 12, 1954. 

The author—PAUL JAMES—is mechanical engineer, animal disease 
eradication branch, U.S. Department of Agriculture. 


were measured throughout a load of garbage with thermo- 
couples fastened to a copper rod at 6 in intervals. After 
measuring the temperatures, suggestions were made on how 
to improve the equipment. One nearby Virginia farmer 
needed help badly. He relocated steam injection pipes in 
his truck according to our recommendation. This worked 
so well he immediately piped another truck similar to it. 
It was then decided to visit all the best installations in the 
country to accumulate valuable information. 

Dozens of installations were visited and tested from 
Massachusetts through Wyoming. An alarmingly small num- 
ber of those cooking garbage were doing a good job. There 
were not enough to spot one in each geographic region of 
the United States. The need for widespread distribution of 
good equipment design was quite evident. It was feared the 
disease would break out some place where the cooking was 
not being done properly, which might lead the feeder to 
believe cooking did not prevent the disease. In many cases 
where cooking temperatures had been measured, they were 
found to be too low to kill the virus. 

The need for engineering help on this problem was 
obviously great. We found most feeders willing to accept 
advice when it was made available to them. The next step 
was to put our advice in writing, so that any feeder could 
get it. Within six or seven months material was published 
and distributed to every state in the country. This was given 
wide distribution among the garbage feeders to improve 
their cooking equipment. While this information doubtless 
helped raise the quality of garbage heat-treatment, yet there 
was still need for word-of-mouth education. Accordingly, 
an engineer was sent into various locations to demonstrate 
good and poor design to the feeders. This is being followed 
by visits to local installations where temperatures can be 
measured. Following the visits, local offices are in a much 
better position to give competent advice. 

Epitor’s Note: Supplement No. 1 of the bulletin, entitled 
“Equipment for the Heat-Treatment of Gatbage to Be Used for 
Hog Feed,” was issued February, 1954, by the U.S. Department of 
Agriculture and the U.S. Public Health Service, Washington, D.C., 


and appears to be the most recent information issued by public 
agencies on this subject. 


Fig.1 (Left) An example of good design for a garbage-cooking installation © Fig. 2 (Right) This view shows a steam-injection setup for 
cooking garbage in a garbage-collection truck 
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Lethal Effects of Electrons on Insects which Infest 
Wheat, Flour, and Beans — Part II 


V. H. Baker, O. Taboada, and D. E. Wiant 


Member ASAE 


HIS report is a continuation of a paper (1) * in which 

was discussed the purpose of tests, review of literature, 

a description of the Van de Graaff electron accelerator, 

units of radiation dosage, method of testing and results of 

baking and germination tests. It is recommended that Part I 
of this paper be reviewed before this paper is studied. 

The object of Part II is to present further information on 
dosage calculation, penetration of electrons into and tem- 
perature rise in samples, culture of insects for tests, and to 
report further information on the effects of accelerated elec- 
trons on wheat, flour, and beans as well as the effects on 
certain insects which infest these commodities. 


DOSAGE CALCULATIONS 
Method of Calculating Dosage 
The method used for calculating dosage of ionizing elec- 
trons was essentially the same as that presented by Trump 
et al (2). Their formula for dosage calculation is: 


- EI , » .. SBIR K, 
~ - (D/2)? me = x 


P 
a D? 
watts per gram 


R 
[1] 
where P=>ower absorbed per gram of material distributed 
evenly over container of diameter D in centi- 
meters 
E=accelerating voltage 
]=total beam current to container of diameter D 
R=depth of material in grams per square centimeter 
K,=fraction of total power absorbed in range R 
K.,=back-scatter factor. 
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NEERING. A summary of this paper, sponsored by the ASAE Com- 
mittee on Agricultural Processing, was presented at the winter meet- 
ing of the American Society of Agricultural Engineers at Chicago, 
Ill., December, 1953. Authorized as Journal Paper 1617 of the 
Michigan Agricultural Experiment Station. 
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PER CENT OF MAXIMUM IONIZATION 
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Fig. 1 Percent of maximum ionization for 2, 3, 4, and 5 mev elec- 
trons in aluminum based on published data now in use at the 
radiation laboratory of The Upjohn Company 
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The value of K, may be obtained for 2, 3, 4, and 5 mev 
(million electron volts, see Part I for definition) electrons 
from Fig.1 by dividing the area under the curve for a 
sample thickness R in grams per square centimeter by the 
total area under the curve for a given mev. K; and K,/R 
have been calculated for 2 mev electrons by using this 
method (Fig. 2) and are used at the radiation laboratory of 
The Upjohn Company for calculating dosages of 2 mev 
electrons. The data in Fig. 1 is based on published data for 
aluminum. Since R is in grams per square centimeter, these 
curves can be used for most homogenous materials. Trump 
(2) points out that Kz can be kept close to unity by irradiat- 
ing the sample in a dish made of a material having a low 
atomic number. Before an actual dosage problem is solved, 
it will be desirable to know the penetration of accelerated 
electrons into the materials to be irradiated. 


Penetration of Electrons into Wheat and Fleur 

In order for electrons to be effective in ionizing tissue 
and thus cause lethal effects, the energy of the electron must 
be absorbed by a material as the electron travels through the 
material. Knowing the actual penetration depths of accele- 
rated electrons into a material is of little value unless some 
information is available on how the energy is dissipated in 
the material. The percent of maximum ionization curve for 
2 mev electrons for wheat (Fig. 3) was calculated from the 
2 mev ionization curve of aluminum in Fig. 1, using a den- 
sity of 0.74 g per cm* for wheat and flour. 

It is important to note that, although the ionization 
curves in Fig. 1 were determined for aluminum, these same 
curves may be used for other materials. This is due to the 
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ABSORBER THICKNESS IN GRAMS/SO CM ~ &R) 
Fig. 2 K;, and K;/R for calculating the dosage of 2 mev electrons 
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fact that depths of material in R 
units, (grams per square centi- 
_ meter) are independent of the type 

of material. Therefore, when the 
curves in Fig. 1 have been estab- 
lished, the depth in inches or centi- 
meters of penetration of accelerated 
electrons into materials other than 0 02 04 
aluminum may be calculated. 

The depth of penetration in 
inches of 2 mev electrons into 


% of maximum ionization, 


of 0.74 gm per cm* and by assum- 
ing that the layer of wheat or flour 
is to receive 60 percent of the ion- 
ization dose on the top and bottom of the layer. From Fig. 
1 the value of R which satisfies these conditions is about 0.65 
gm per cm*. In order to convert to inches of wheat or flour, 
it is necessary to divide by the density of wheat, 0.74 gm per 
cm*, which gives the depth in centimeters. Dividing by 2.54 
cm per in gives the depth in inches as: 
0.65 gm per cm? 
(0.74 gm per cm*) (2.54 cm per in) 
=0.35 in of wheat or flour 


This same procedure may be used for any material by 
selecting the desired value of R and dividing by the density 
of the material. 


Choice of Percent of Maximum lonization 
Entering and Leaving Sample 


It is desirable to choose a thickness of sample so that the 
percent of maximum ionization at the top and bottom of the 
sample is the same. The percent of maximum ionization for 
2 mev electrons in wheat and flour is shown in Fig. 3. A dose 
of 60 percent of maximum ionization was chosen for this 
figure. The physical shape of this curve shows that the 
maximum ionization occurs below the surface of the material 
irradiated. This apparently is due to the fact that electrons 
and other ionizing particles give up more energy per dif- 
ferential path length as their energy becomes less (down to 
a certain limit). The area A; represents the desirable dose, 
A, represents the overdose, As is the dose lost through the 
sample, and A, represents the dose lost in the air above the 
sample. The ideal dose, A, should be a value such that A; 
is a Maximum with the sum A2+ A3+ Ay a minimum. This 
condition is approximately satisfied when the electrons on 


A,— desiradle dose 


Az- over dose 
A dose through wheat 


AS dose lost in air 


06 os 10 
Depth of wheat in inches 


Fig. 3 (Above) Depth of penetration of 2 mev 

accelerated electrons in wheat (density, 0.74 g 

wheat or flour may be calculated by per cu cm) with 60 percent of maximum ion- 

using a density of wheat or flour ization at top and bottom layer of wheat + 

' Fig. 4 (Right) Depth of penetration of accel- 

erated electrons in wheat and flour with a density of 0.74 g per cucm,with 60 percent of maximum 
ionization at the top and bottom of the irradiated layer 
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DEPTH OF WHEAT AND FLOUR IN INCHES 


entering and leaving the sample produce 60 percent of the 
maximum 1onization in the sample. With 2 mev electrons, 
maximum energy can be transferred to the sample; i.¢e., Ki/R 
is a Maximum in equation {1} and Fig. 2, by using a depth 
of product between 0.4 and 0.65 g per sq cm, which would 
be about 0.35 in of wheat or flour. 

If wheat or flour is irradiated on a conveyor belt and 60 
percent of maximum ionization is to be obtained in the top 
layer of flour and in the layer of flour next to the conveyor 
belt, then the maximum depth which can be treated is about 
0.35 in for 2 mev electrons, and about 0.57 in for 3 mev 
electrons. These depths may be increased when the material 
is irradiated from both top and bottom. When 60 percent of 
maximum ionization in the top and bottom layers is assumed 
and losses in the conveyor belt are neglected, a depth of 
approximately 0.9 in of wheat or flour can be treated, if 
irradiated from top only, with 5 mev electrons (Fig. 4), or 
a depth of more than 2.0 in can be treated, if irradiated from 
top and bottom, with 5 mev electrons. 


Dosage Calculations and Rate of Treatment of Product 


An example of calculations used to obtain the exposure 
time for a dose of 1,000,000 rep of 2 mev electrons in a 
stationary 9-cm-diam sample is presented. By definition, 
1X 10° rep = 8.38) (joules) per gram of tissue. Suppose 
that the beam current is 50a (microamperes) and that the 
depth of wheat or flour chosen to be irradiated is about 0.65 
g per cm® (from Fig. 1). From Fig. 2, Ki/R = 1.25, As- 
sume K,=1. Then from equation [1} 


_ 4(50X 10-*) (2X 10°) 1 


P= =(9)7 (1.25) 


= 1.96 w per g= 1.96 j per sec-g 


Fig. 5A (Left) Beans artificially infested with bean weevils and irradiated with an accelerated electron dose of 100,000 rep from the 
2-million-volt Van de Graaff electron accelerator. Picture taken after an incubation period of about 43 days from date of treatment. 


Fig. 5B (Right) Beans artificially infested with bean weevils used as a check sample (untreated). Picture taken after an incubation period 
of about 43 days from date of treatment of sample shown in Fig. 5A 


inf 
nt 


VY) 9 a F. a Cai ee ta Set Sao ite pa ar WW oat Te < PL aR ye ts OS Se ees 7 a See ann 
Sh" 2) <a Pai ti “i cies Yc Sayer een Stes | ol aie Live EES) Fe eee ca eee eae Saat" Hate ie 
Con Eg Ae Ss cy PS pte alee eed ah ee iets ; UTE eee es, 1S tea it sae 
a bi, ty ae | ets eek Sone eS Sr ke Role whey che sees See 2 ake ene eed oe ake = P< eae 
a RRR 68d ne dion goes Sate HS ae Spates a eeate ek ce etd cote eel ota Fae Tk ye a a ie 
neem Sal eS oe ae ‘pote. a Lae ae BD ea Sdemae ped laos Bop eee BS Po as itt SO sor ee ote Kee 
OSI. Sema ee Ge a a Re 5 Pe ik ge aes See ae 
Bilas i =a ee 
RP eaten wee . tae 
40.4% , =m ’ Sime 
et ake i Bos 
eat ae aes 
ee eee Prep, 
Bs Pen: eee 
; Oh ee aR, j ae 
Peer Fee | Se. 
iS . Yer 
wr Se : : aE 
eee re (es 
wks PRA : os 
ce ie — 
a . 7 ie 
oe a ee Het 
nf ae 4  i- 
Grae ee 
ae ae 
ke joe a 
hae ae «ee 
ot aaa 4 eer: 
hy Be, i * 
“atieg ; ; 4 
Restart At — 
EEA 4 ee 
at ee ‘ es 
ey J : £ 
ae 2 ‘A «Be 
Ries _— 
ane s ag 
yee > a ay 
Met lee ie 
CAA) a 2 4 i is 
eeiebek 4 niet a ace cimmmaes a 
a aa | i 
re | (23. pe ee tet 
fi ae hae 
ee oes 
bd tp LA Sa29 os 
Saver «a ra 
(A) ope TEAS 
eee aie ae 
1 ain a) oS 
PK ' Bal 
te ' oe 
Sg Lee Stonn ae = 
ne bies ei = 
Ape ap = 
Shei See oe 
eae Xe 
ee ‘ Gee 
Bo ab st . 2a 
Po ae fey 
"geen Jah 
ois ee Pay ES 
eee eo . 
a ia : ie 
eal 4 
PAE Aue ean , =e 
ea te eigen ee, 
eb ages ae 
OB a ie ee ie 
ip Ope Lee Ae 
Pe eee Eye 
* Sig Bd a at 
eb oe eth 
y= eae ; 
3 ee SS 
2) Eee 4 
lee a 
Bie Ay Sees 
ia 5a pa 
ie. ee ot 
Big Mears yee 
a ee A ; 
ce ba ment 
Bae Br eae 
Te ae i 
pene ae ; aay 
ee ae 
pele ae 5 gee ' Bonk Nie 
Cy a tie | cae f 
Bes Semone. 2 shite 
Lg? epee — 
i gee ber: ae 
A ES, , | aise 
VA er eee | Be 
Pes as a 
eer ee | 
et ie i ae 
ot hue ee 
Sees iS tee 
Spe Saar eee 
Bei Nea on 
Oh: Tenens. a 
AY i eae i 
ae ee Lee 
Reo ia tee 
eg see Serta 
Sige a Pon 
Ciuee eee oar 
Hy eg ea Reet 
Ms Fille ie: 
Meta apc A ks 
Ree te 
MeN Brae.” sea 
i feeeles ie 
wih aap = 
<5 bic hiehee 1 eg 
Ro ea . 
oh ae aif 
eae ie 
eee: 
rl ee oe 
ne Oe . - - é ss - ee 
Rie Bad So) rr. ) & ' >. 4) 7 ’ >. rs ; ma. = 
ob} Renee ‘8 = he 
5? ee iT os, r , « ii x 
dis! ON ee ’ . og 
a aoa ¢ , : ’ eg i 
rhe see -" gp! d ~< «ee 
a je ee Le a ra a A i ° > a. 
ae Pal ee 
7h Pac ys é Me it ‘ Fy ai Pos q Ks Ree 
ove 2, | ag a Ws 7 - 3 RRs 
ze Rie ess , ‘3 2 1} ~ ” a 
ik Pts we a : oe 7 : 
SF comes S 2 : 
4 ee Mes =) ’ : i “ . 7 A ee 
7 Fee My ee 
ae Re e's a eee ’ « é i ee. fae 
ine sane ' ’ . i. ae 
Se ger ae ae m4 ’ "ad i my F 
3 oon (ee mS 4 > ,, Bete 
a ee song j ¢ .. » 
2g are + is, : d * ‘ ( eee 
een ven " bow 
he rae ( . , - aa f : ; ae 
eee i, ' >. 5 ‘ > 9* pe _ é igs 
lg. wi Rea . al 4 : Oa , A) i 
ye eee : a; . : ; : fe) 
Ba oa - ms * . a 4 ir . > 2 > sy 4E 
ee ew ee —_— ry 2 = ee 
Sk ako g rg pee 
te Rar ONL yee 
0 Nini eee 
rox, Eh Sara oe aay 
Vt ees Ts is 
2 Egan * 
2 aon : 
Lr ea ok f 
Sie Sears. - 2 
nd en Ae = : 
Ae Sera rs 
itis pe if 
At il as 
bet Ser es =e 
St part ee és 
RAE re Gs Aag 
salt sa 
Nate oe ae toes 
et eee bs ™ mae vo 
LES Nae yee 
See : ats ¥ 3 epee Sai es %: a x 
ees NS a , par aarti ee a me Rte sk eee 
a § eee ace. a a ee ey aah ie ee a RI bay ee =the oes atte 1 ies ee eS ae , 
ote pars: eR cs a ee io ee. Sle kame Boone | Sate ae eeeae i f . ie soit Bie Bets ts a ~ feb eed Ye niga aim, 2 cr clay 
eed ape 8? Pudge gag eg, tl Re ee eet peer ee Se hae 4 og, ee ee ; pad ee a Sera, 51 ene apes 
5) RARE SUMP An cate oe 4 Erte a teemmeer som Bes? 5 aaa ge ee — = BR ae ie ees OSE 
os fea ae rs ty Smet ee ee a i ee a) =) i Ieee oe AS =| aS poe ania eal ie a ny ae ale Le 
ee ‘Say hy kL ae eae ‘ Rae pene oes a: ee hs ee - erie SF Sas: aa = a Pe ey ae. 
OTP le - IY al phd Bea be a 7 ye we Pe rah saees. pee re 2 Viet? amet © aS So ore aa Re Ps or 
eh, el he rae a's) cia ol 5 ees Art) ine 2% Eos ee 
a aE ers ee Nie 2 reeves 0s lta eros Coe fy | aaa fears ooh hei epee 
Sorc oan Re fa“ hoe ee oe ee eae, @ Babee: fo | oe et A x 6Ch AL pa) amg i ae oie ).: es 7 Re BAG, Sh tee “3 


AGRICULTURAL ENGINEERING for June 1954 


The time required to deliver an average dose of 
1 X 10° is 8.38 j per g+ 1.96 j per sec-g=4.27 sec. 

By this same formula, with the same conditions, the time 
required for 500,000, 100,000, and 10,000 rep is 2.13, 
0.427, and 0.0427 sec, respectively. 

It should be pointed out here that in this paper, when 
calculating the dose of accelerated electrons on insects, the 
density of the insect was assumed to be 0.74 g per cu cm 
when the insects were mixed with flour and wheat, and an 
insect density of 1.0 g per cu cm was assumed when the in- 
sects were irradiated in plain dishes with no flour. 

By knowing the time required to administer a given 
dose to a stationary sample, it is a simple matter to calculate 
the belt speeds for products to be treated on a conveyor belt. 
In actual practice the belt speed may be set, which in turn 
would set the exposure time. If this is the case, then the 
beam current could be adjusted to obtain the desired dose 
in rep. 

Suppose that it is desired to calculate the rate of flow of 
wheat or flour receiving a dose of 100,000 rep. Assume that 
a 2 mev generator is available and that 200 ya of beam cur- 
rent is dissipated in the wheat. This would be 400 j per sec, 
or a power of 400 w. Using the value of 0.838 j per g for 
10° rep, then the rate of flow is about 


SAO) peter __ oe er sec, Or 
0.838 j perg — &P . 


418 X OO X CO — 3900 tb per hour. 
453.9 


If the dosage is reduced to 10,000 rep, the rate of flow 
would be 38,000 Ib per hr. 

Table 1 lists formulas which may be used to calculate the 
rate of flow of wheat and flour (density, 0.74 g per cm*) 
receiving doses of 2, 3, 4 and 5 mev electrons. The depths in 
Table 1 were obtained from Fig. 4. By the use of the for- 
mulas in Table 1, various conveyor belt widths (W’ in in) 
and belt speeds (S in fpm) may be used to calculate a de- 
sired flow rate, or if the flow rate is set, the width and speed 
of the belt may be calculated. When the rate of flow has 
been established, the beam current may be adjusted to give 
the desired dosage in rep. 


TABLE 1. FORMULAS FOR CALCULATING RATE OF 
TREATMENT OF WHEAT AND FLOUR 
ON A CONVEYOR BELT 


W = Width of conveyor, in 
Depth, in Mev 
0.35 ; 


0.57 
0.75 


S= Speed of conveyor belt, fpm 
Rate of flow formula 
WS 6.8= lb per hr 
WS X 11.2=lb per hr 
WS X 14.7= lb per hr 
WS X 18.4= lb per hr 


ee f. tate 


Fig. 6 Growth of untreated and treated Cornell 595 wheat (/eft) and 
Michigan navy beans (right) two weeks after planting in greenhouse 
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At 2¢ per kwhr, the approximate cost of electric energy 
for a dose of 110° rep at an efficiency of 10 percent ts 
400 w X Lhr 2 _ 3800 
1000 X0.10 ~~ kwhr “> 2000 
=15.2¢ per ton, or 0.76¢ per 100 Ib. 
With a dose of 10,000 rep, the cost of energy is about 
1.52¢ per ton. 


The Distribution of Current Density 

Curves for the distribution of 2 mev cathode rays in a 
traverse plane 40 cm from the 3-mil aluminum window for 
the Van de Graaff electron accelerator have been presented 
by Trump (2). Data from these curves enable one to cal- 
culate the maximum and minimum doses distributed across 
a given sample. The distribution of the dose across the 
object may be controlled by selecting the thickness of the 
scattering window, the absorber depth, and the irradiation 
distance. The thickness of the scattering window installed in 
the 2 mev Van de Graaff electron accelerator at The Upjohn 
Company was chosen so that the distribution of the un- 
scanned cathode ray beam across the samples being irradiated 
was rather uniform. 

Calculations for Temperature Rise in a Given Sample 

To calculate the temperature rise in a given material 
receiving a dose of accelerated electrons, the following for- 
mula is used: 

O=W (sh) (T2—T}) . ° ° ° . ° ° ° {2} 
where Q is the energy required to heat material of weight W 
and specific heat (54) from an initial temperature T, to a 
final temperature T». 

Suppose it is desirable to calculate the temperature rise 
for one gram of wheat or flour receiving a dose of 100,000 
rep using equation [2] and a value of 

Q=100,000 rep=0.20 calories per gram, and s4=0.4 

By definition 1 rep=83.8 ergs per gram, then since 

1 j=107 ergs, and 4.186 j =one calorie, 


0.838 j per g ‘ 
100,000 rep=——__—_. PB _— 0.20 calories per g 


4.186 j per calorie 


oe tet W (sh) 0A4A(Q) 


The temperature rise for one gram of flour receiving a 
dose of 500,000 rep would be about 2.5 C. 


=0.5 C temperature rise. 


TESTS CONDUCTED 

A total of ten tests were conducted using the Van de 
Graaff electron accelerator. These tests include germination 
tests and irradiations for the wheat and flour later used in 
the baking tests (Part I). Insects were irradiated in the first 
seven tests. The procedure for each test was similar. (A 
general description of procedure was presented in Part I 
with a specific procedure for two tests. This description will 
suffice, since the procedure given, together with the tabulated 
data for each test [3, 4}, will enable one to repeat the tests. ) 

The insects for all tests were grown in a constant- 
temperature, constant-humidity incubator in the entomology 
department at Michigan State College, and samples for each 
series of tests were prepared in the entomology laboratory 
(3). After preparation, the samples were placed in an in- 


ie” oa ae ae Bs ih, Oe 0. Seen rs en ee ee Oe ie Ly eee wee lel i ee ee ye Ss é ts oe 5 & 2 Y 
eos Lee BE esr esis OS ETO SR aS nl ae : ox | 
moe te aes oe ae gee Reo ste eese hs pried ay Wee tegereriss © iS. hy sont abi ey, = oer a ’ 2 ag Bk oe : ey i 
ie ae a oo: aa ana Ree a om a ie REM. a . xe es : a 
So ea a ‘ees ee Shae: Prelrnids Ramanan Sp payar eS ea ce ean aN: 5 z a y 
es |. oe ee poor oes Sa eee, tt a ee rea i eit Fake 3 
ie a eas ade mee oS - Ba nil ane Mee erin SCS ee tos ee teat bP “rats SR ea / 
: eee Be a 2) TS ee ‘9 Te cig, A re gc gs Tepe pote eo}. ee me ae i ie des eee 
bo atnets- s egiae se aaa i MR Ss 8 inn eo * or : ce sch ' : 
Seah . . . . 
po. i 
Bt aa 
Pee Wee 
iy: | ae 
Bes yt 
i She 
ee = 8 
fete a 
aes 
See 
qi ec 
aa ee 
Apes 3 
He ogee te 
io fae 
5? ee 
ees 
ee 
of rE hs z 
ie ; 
es 
ps 
g3 i. 
eee 
aise : 
peti 
ie lh 
eae 
: | ‘g | pe 
i ae = & q 
is. 
Tie 
ae 
Se 
tig . 
= 2 
ee 
ae 
onde 0 
; i : BP 
ee nY, 
a 3 
«es 0.94 5 
i ; 
ae " 
Reise Se oe fret a i 
| - 6s e ‘ Bei * » if g 
11 Sar H Fe ee i athe ; oe j 
' . a ee ogee Neat ae a 
be Pe cies 3 le : 
eee Pi roth ERT “amare ay Te . 
eee UNTREATED — 2a y 
i ae “ “ lh TS 
Dos is gers a — : 
: a he > 
Bee a — weet | 
ye es OS ae ‘ Be : i 
ee . Se 9 a , , ae ef : ur Xe, ne ake 7+ 
aN os rests es, i te eligi. j po gee 2) IPN <= + 
eae Te 1 ar etter ste S72 ote Ey >: at. 
L * f , Be Str, % - 3 bs cate a 7 Sot — 
ea See em BM 0000 FP Pg UNTREATED [BINNIE 10.000 REP 
ae ee) : .. 
RE ice a EP a ia lie aan. | miami i ai a a clea TA ; ee a - 
MME ee eee a aoe eee Sk ae aman he: re a ; : 
Cote ee eee ae Wc age eee 6 ee ad 6 ACO ele eet ee 
eal Merk ee) Soe ete aa i Fal Bre yc Bee me ae ay 2a Se eRe hve STS tet 
oe iy <3 : . ee eet ene | Bee ere Se a: BR) (oP ee acts SNe = Et 2 se eee ; : 
Lae ca ee eed "a Ox ~ 7 * “ts aointu i gn Sit LR es “I s tie _ eae) 55 ap, . ™ ee “Tet G 
2) Pa ee ee ee b — 7 pies ec ‘Nae (ee RR tee oy: SG ers - Wiebe 2 = ae, 5 ee C1 ey i z _ 


410 


sulated box and transported by automobile from East Lans- 
ing to The Upjohn Company at Kalamazoo, Mich. The 
samples were then irradiated and returned to East Lansing 
the same day and again placed in the incubator. Observations 
were made at intervals after each test. 


Further Results 


Results of the tests conducted, using the granary weevil 
and flour beetle, were presented in Part I. Tests conducted 
using Michigan navy beans infested with Acanthoscelides 
obtectus, (Say), (bean weevil) show that an electron dose 
of 10,000 rep was lethal to 100 percent of adult bean weevil, 
one weck after treatment. Fifteen adult bean weevils were 
irradiated for each test. These adults were irradiated in 9-cm- 
diam petri dishes containing 20 g of Michigan navy beans. 
An electron dose of 100,000 rep was lethal to 73 percent of 
the adults 48 hr after treatment, and to 100 percent of adults 
one weck after treatment. 

Samples of artificially infested Michigan navy beans 
which received a dose of 1 10° rep and a sample used as a 
check (untreated) as they appeared after an incubation 
period of about 43 days are shown in Figs. 5 and 5B. These 
pictures show that a dose of 1X 10° rep is sufficient to pre- 
vent the insect from damaging the beans. 

The growth of treated and untreated Cornell 595 wheat 
(left) and Michigan navy beans (right) two weeks after 
planting in a green house, is shown in Fig. 6. These pictures 
show that a dose as low as 10,000 rep was detrimental to 
wheat and bean seed. 


Effects of Accelerated Electrons or 
Cathode Rays on Vitamins 


Some effects of acceleratea electrons and X rays on vita- 
mins and enzymes have been reported (5, 6, 7, 8, 9). Nia- 
cin in a concentration of 100 micrograms per milliliter was 
not destroyed by X rays in total dosages between 125,000 
and 850,000 roentgens (5). The amount of destruction of 
niacin by cathode rays increased with dilution. Goldblith 
and Proctor (7) reported that there was no appreciable 
effect of a dose of 10,000 rep on a 100 micrograms per 
milliliter solution of riboflavin and carotene. There was 
about 95 percent retention of riboflavin with the same dilu- 
tion as above, when treated with a dose of 100,000 rep. 
There was only 40 percent retention of riboflavin and about 
65 percent retention of carotene when this same percentage 
of solution received a dose of about 500,000 rep. Other 
important observations on the percent retention of riboflavin 
were also made by Goldblith and Proctor (7). 

These same investigators report 98 percent of a 100 
microgram per milliliter solution of ascorbic acid was re- 
tained when irradiated with an X ray dose of 10,000 
roentgens, whereas only 37 percent of the ascorbic acid in a 
100 microgram per milliliter solution was retained when 
irradiated with a dose of 100,000 roéntgens. 

Brach (9) reported that there was no loss of activity 
when the enzymes trypsin, pepsin, and papain were irradi- 
ated with a dose of 3 x 10° rep of accelerated electrons. The 
enzyme diatase from barley showed a 14 percent loss in ac- 
tivity when irradiated with a dose of 9x 10° rep. The 
enzyme urease from soy flour showed a loss of 14 percent 
when irradiated with a dose of 2x 10° rep. The loss in 
activity in other enzymes, when irradiated with doses up to 
8 x 10° rep was reported, but in no case was the loss in 
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activity greater than 15 percent (9). All the above doses 
reported were greater than necessary for insect control in 
wheat, flour, and beans. The loss in enzyme activity should 
be less with reduced doses. 

When accelerated electrons are used to sterilize foods 
certain side effects may be produced which may cause 
changes in color, flavor, and sometimes texture. Studies 
have been made by Proctor et al (10, 11) in an effort to 
minimize these changes. Irradiation of materials in inert 
atmospheres or in a vacuum and in the frozen state mini- 
mizes but does not prevent such changes. Most of the 
dosages used by Proctor and his associates were for micro- 
organism control and are much higher than the dosage 
required for insect control. 


SUMMARY 

Further information on the effects of accelerated elec- 
trons on insects which infest wheat, flour, and beans is pre- 
sented as well as information on the method used to calcu- 
late dosage, penetration of electrons into wheat and flour, 
rate of treatment of product, cost of electrical energy for a 
given dose in rep, distribution of current density, calculation 
of the temperature rise in a given sample, and a review of 
literature on the effects of accelerated electrons on vitamins 
and enzymes. 

The use of accelerated electrons to stop adult insects 
from reproducing and to sterilize insect eggs in wheat, 
flour and beans offers promise for insect control; however, 
this process is still in the experimental stage. Further re- 
search is necessary before this process can be recommended 
for industrial use. 
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Friction Coefficients of Some Agricultural Materials 
Donald W. Richter 


Affiliate ASAE 


GENERAL SUMMARY 


O reliable basic data were available on the friction 
| \ coefficients of chopped hay, straw, or silages on 

galvanized steel at varying velocities and unit nor- 
mal pressures. Laboratory tests were conducted to determine 
appropriate coefficients for use in the design of materials- 
handling equipment. 

Static and sliding-friction coefficients were determined 
by two test methods. Polishing of the steel surface reduced 
the coefficient for dry materials, but had a lesser effect on 
the coefficient for moist materials. There was a distinct 
tendency toward higher static coefficients for moist materials 
at the lower unit pressures. There were only small effects 
on the sliding coefficients of any material as a result of vary- 
ing sliding velocities or unit pressures. 

As a result of these tests, it is possible to recommend 
tentative values of friction coefficients for galvanized steel 
within the velocity and pressure ranges investigated. These 
values, together with the range of values found in the tests, 
are as follows: 


CHOPPED HAY AND STRAW 


Recommended 
Range found value 
Static coefficient 0.17—0.42 0.35 
Sliding coefficient 0.238—0.33 0.30 

SILAGES 

Recommended 
Range found value 
Static coefficient 0.52—0.82 0.80 
Sliding coefficient 0.57—0.78 0.70 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. 

The author—DoNaLp W. RICHTER—formerly research assistant 
in agricultural engineering, Cornell University, now market spe- 
cialist, Armco Steel Corp. 
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Objective 

The trend toward use of mechanical equipment for 
handling materials on the farm has emphasized the need for 
accurate basic design data. Friction coefficients for use in 
the design of conveyors, elevators, unloaders, and other 
equipment are examples of data needed for design of equip- 
ment components and for selection of proper power units. 

The object of this investigation was to determine appro- 
priate friction coefficients for use when chopped hay, chop- 
ped straw, corn silage, or grass silage is to be moved over 
a galvanized steel surface. 


Review of Literature 

Hodges (3) * reported the power required to operate 
a canvas-apron wagon unloader, and stated that the power 
requirement for a chain-and-slat conveyor was not signifi- 
cantly different. Converting the power data to give friction 
cocthcients, it was found that 0.75 was an average coefficient 
for corn silage on wood. Barger et al (1) reported friction 
coefficients of corn silage from 0.79 to 0.96 for false endgate 
wagon unloaders, depending on construction and surface 
conditions. The coefficient for sheet metal was 0.88 with a 
slant endgate. The data reported by both of these workers 
were obtained at slow speeds and were influenced by fric- 
tion on such other parts as endgates, chains, canvas, and 
sides of the box. A further limitation was that it was not 
determined whether the coefficients would apply at higher 
speeds or at different unit pressures. 

Hintz and Schinke (2) reported coefficients of sliding 
friction for chopped corn and alfalfa on steel at sliding 
velocities from 0 to 6000 fpm. Above 1000 fpm, the friction 
coefficients for both materials did not vary greatly from 0.5. 
Below 1000 fpm results varicd widely, and no valid con- 


*Bold-faced numbers refer to the appended references, 


Dake 
Fig.1 (Left) Apparatus for tests of static-friction coefficient. Wood 
frame (A), container for weights (B), and pail for sand (C) * 
Fig.2 (Above) Apparatus for tests of sliding-friction coefficient. 
Revolving disk (A), drive unit (B), wood frame (C), and spring 
scale (D) 
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clusions could be drawn. Thus there. were no reliable basic 
data to cover the usual conveyor speeds of 0 to 500 fpm or 
the effect of varying unit pressures. 


TEST PROCEDURE 
Static Coefficient 


A sheet of galvanized steel 12 in square was mounted 
on a rigid base. A wooden frame was placed on the sheet 
and filled with the material to be tested. The unit pressure 
was varied by placing weights on a platen resting on the 
material. The frame was raised a fraction of an inch above 
the sheet so all weight was transferred only through the 
material. Wooden frames 6 in square and 9 in square were 
used at the same unit pressure to determine whether the 
size of the frame affected the results. 

A transverse force was applied to the frame by a sash 
chain running over a pulley to a pail. Sand was slowly 
added to the pail until the material started to slide over the 
galvanized sheet. The weight of the pail of sand gave 
measurement of the friction force. The test apparatus is 
shown in Fig. 1. 


Sliding Coefficient 


The testing method was similar to the one used by 
Hintz and Schinke (2). A 46-in-diameter disk of 20-gage 
galvanized steel was mounted on a 48-in-diam disk of 5/16- 
in masonite. The disks were keyed to a vertical arbor. A 
variable-speed drive belted to the arbor gave a range in 
surface speeds at a 16-in radius of 5 to 640 fpm. 

The material to be tested was placed in the 9-in wooden 
frame and the platen and weight applied. A cord tied to 
the frame was led over a pulley to a spring scale. When 
the disk was rotated, the friction force was read from the 
scale. Fig. 2 shows a general view of the apparatus. 


DISCUSSION OF RESULTS 
Static Coefficient 
The first tests were started on the galvanized sheet in 
its original condition, and progressed as shown in Fig. 3. 
The explanation of Fig. 3 is as follows: 


Part A. In the initial tests, it was observed that the 
friction coefhicient for both materials decreased steadily as 


SHEET POLISHED WITH CHOPPED HAY 


STATIC FRICTION COEFFICIENT 
SHEET POLISHED WITH ABRASIVES 
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the tests progressed, regardless of the normal pressure 
applied. This resulted from polishing of the surface by the 
movement of the material. 

Part B. The sheet was then extensively polished with 
abrasives to hasten the decrease in friction coefficient. 


Part C. Further polishing by the tests themselves con- 
tinued to give decreases in the coefficient. 

Parts D & F. An electric-motor-driven reciprocating 
polisher using chopped hay as the polishing medium was 
used. 

Parts E & G. A surface condition was finally obtained 
for which the friction coefficient approached a minimum. 


This whole process required nearly three days, but 
variations in the processes made it impossible to represent 
time units on the absicissa in Fig. 3. Polishing of the sheet 
decreased the static-friction coefficient for chopped hay and 
straw from an initial value of 0.42 to a final value of 0.17. 
In the final condition, the zinc coating had been completely 
worn off in two small areas and the surface was almost 
mirrorlike in appearance, a condition often noted in mater- 
ials-handling equipment after many hours of use. 

Samples of chopped grass and corn silage did not give 
a decrease in static friction coefficient as a result of polishing 
of the sheet. The average static friction coefficients were 
0.67 and 0.59 before polishing and 0.68 and 0.59 after 
polishing for chopped grass and corn silage, respectively. 

After the sheet had been polished and the friction co- 
efficient values stabilized with respect to time, a series of 
tests for each material was run to determine the effect of 
normal pressure. Each series consisted of 24 tests, using 
two frame sizes, a series of normal pressures, and three 
replications. The tests were randomized within each repli- 
cation to eliminate bias resulting from changes in the testing 
technique, weather, or other conditions varying with time. 

Results of these tests are given in Fig. 4. There was a 
definite increase in the static coefficient for chopped grass 
and corn silage as the unit pressure decreased. This could 
be a result of adhesion associated with the high moisture 
content of these materials, which would have a greater 
effect at the lower unit pressures. The effect of unit pressure 
on the coefficients for the dry materials, chopped hay and 
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72% MOISTURE 
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Z | 74 % MOISTURE 
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Fig. 3 (Left) Change in static-friction coefficient of chopped hay and straw on galvanized steel with progressive surface treatments. Each 
point represents the average of two or three tests * Fig. 4 (Right) Variation in static-friction coefficient with intensity of pressure on highly 
polished galvanized steel for four samples of material. Each point represents the average of six tests 
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straw, was insignificant. There was no effect on the coeffic- 
ient of any material resulting from the size of the frame 
used, except as the size influenced the pressure intensity. 


Sliding Coefficient 


The galvanized disk never became as highly polished as 
the sheet used in the static tests, even though abrasives were 
used to smooth the initial roughness. Values for the static 
coefficient were obtained on this sheet to compare with the 
values obtained on the more highly polished sheet. The 
average static coefficient for chopped straw was 0.35 com- 
pared to 0.21 for the previous tests, indicating a consider- 
able difference in surface roughness. For corn silage the 
average coefficient was 0.73 compared to 0.59. 

Chopped straw was used to represent the dry material, 
in a test series consisting of three replications of cach of 
four normal pressures with speeds from 0 to 320 fpm. 
The tests were randomized with respect to time. A few 
tests at 640 fpm gave substantially the same coefficient as at 
lower speeds. One test series was run partly on one after- 
noon and partly the next morning. An increase of 13 per- 
cent in the sliding coefficient of friction occurred over this 
interval, possibly as a result of a change in relative humidity 
or slight oxidation of the zinc surface. A similar or larger 
change might be expected in materials-handling equipment. 


TABLE 1. SUMMARY OF TESTS OF SLIDING FRICTION OF 
CHOPPED STRAW ON POLISHED GALVANIZED STEEL 


(Each figure is the average of three tests) 


Normal pressure, 1b/ft2 
1AL2 28.5 5T 


Friction coefficient 
0.36 0.36 


Sliding 
/elocity 


0.33 


° 
Ww 
uM 


0.28 
0.30 
0.30 
0.30 
0.29 
0.30 
0.33 


0.30 
0.29 
0.29 
0.30 
0.30 
0.30 
0.31 


0.29 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 


. 
WWWWWw 


oooooo9o °o 
ESSSSSSB 


Average 


(sliding) 0.30 0.30 0.30 0.30 


Results of these tests are given in Table 1. The average 
sliding-friction coefficient for chopped straw was 0.30. 
There was no significant effect resulting from changes in 
unit pressure or sliding velocity. 


TABLE 2. SUMMARY OF TESTS OF SLIDING FRICTION OF CORN SILAGE 
ON POLISHED GALVANIZED STEEL, 73 PERCENT MOISTURE 


(Each figure is the average of three tests) 


Normal pressure, 1b/ft® 
5.6 8.9 14.2 28.4 


Friction coefficient 
0.60 


0.60 
0.61 
0.66 
0.71 
0.73 
0.74 
0.57 


0.72 


0.62 
0.65 
0.67 
0.71 
0.73 
0.70 
0.66 


0.79 


0.68 
0.70 
0.70 
0.70 
0.70 
0.70 
0.74 


Average 


(sliding) 0.70 0.70 0.68 0.66 
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Corn silage and grass silage were tested at 73 percent 
moisture, wet basis. The normal pressures differed slightly 
from the ones used for chopped straw, but the tests were 
otherwise the same. Results are given in Tables 2 and 3. 
The average sliding-friction coefficient for both materials 
was 0.68. At sliding velocities below 20 fpm, corn silage 
tended to give slightly higher friction coefficients at low 
normal pressures. Grass silage, on the other hand, tended 
to give higher coefficients at the higher normal pressures. 
Otherwise, neither the various unit pressures nor sliding 
velocities had any significant effect for the silage samples. 

During the tests it was observed that a substantial de- 
crease in friction coefficient occurred if the silages dried to 
a certain point. Fresh samples were used as often as neces- 
sary to prevent this factor from influencing the tests. 


CONCLUSIONS 

1 The ultimate aim of friction tests is to aid in the 
design of materials-handling equipment. For this purpose, 
the static-friction coefficient of chopped dry hay and straw 
may be considered as 0.4 on new galvanized steel and 0.2 
on the same material after extended polishing. Considering 
the time necessary for polishing, a power unit based on a 
static coefficient of 0.35 and a sliding coefficient of 0.30 
is suggested for velocities below 640 fpm, if the equipment 
is to handle only these materials. 

2 For chopped grass and silages, a static-friction coeffic- 
ient of 0.80 and a sliding-friction coefficient of 0.70 should 
give adequate design on galvanized steel in either a new or 
a polished condition, for the pressure and velocity ranges 
investigated. 

3 Allowance should be made for the effects of weather- 
ing of the galvanized sheet and variations in moisture con- 
tent of the material. Since these tests did not evaluate such 
conditions, further investigations are needed to determine 
their effects. 
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TABLE 3. SUMMARY OF TESTS OF SLIDING FRICTION OF GRASS SILAGE 
ON POLISHED GALVANIZED STEEL, 73 PERCENT MOISTURE 


(Each figure is the average of three tests) 


Sliding Normal pressure, 1b/ft@ 
velocity 5.6 8.9 14.2 28.4 Average 
Friction coefficient 
0.64 


0.63 
0.63 
0.63 
0.65 
0.63 
0.63 
0.58 


0.80 


0.65 
0.65 
0.65 
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0.63 
0.61 
0.73 


0.82 
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0.67 
0.69 
0.69 
0.73 
0.75 
0.68 


0.78 


0.67 
0.70 
0.71 
0.72 
0.74 
0.74 
0.78 
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Our Shrinking Farm Lands 


R. L. Adams 


interest to more and more thoughtful people, people 

who have at heart the future welfare of the country 

and with special reference to the place that agriculture may 

- and should —- play in the land-planning sprees that are 
infesting the land. 


T*: title of this paper deals with a subject of growing 


One reason that one cannot be more specific in treating a 
subject of this nature is that there is little available literature 
dealing with the trends and statistics of land utilization, its 
effect on agriculture, and what constitutes wise procedure 
for the years ahead. 


However, some material is available that is of interest. 
By way of introduction, following are data from (Tables 9, 
10, and 13) appearing in the “Report of the Director of 
the Federal Bureau of Land Management (Statistical Ap- 
pendix as of June 30, 1952) :” 


GROSS AREA OF WITHDRAWALS FOR NATIONAL PARKS, 
MONUMENTS, WILDLIFE RESERVES, AIR NAVIGATION 
SITES, AND STOCK DRIVEWAYS 
Total for United States 41,216,758 acres 
California 4,478,977 acres 


Of this, national parks in California utilize 1,706,638 acr-s 
and national monuments, 2,397,264 acres. 


AREA OF NATIONAL FORESTS 


Total for United states . 208,201,125 acres (or an area equal 


to twice that of California) 
25,078,194 acres (or about 25 percent 
of California's land area) 


California 


AREAS WITHDRAWN SINCE JULY |, 1937, FOR MILITARY 
AND OTHER DEFENSE PURPOSES 


Total for United States 16,273,180 acres 


In California and by departments, the data are: 
Army and Air Force . ; ; ; ; , : A P 733,267 
Navy ee ae - & & ww S w << ver eee 
Interior . ‘ ‘ ; ‘ , ‘ ‘ : zm , ‘ 8,424 
Other s . E ; : ; , , z : 5 30,438 

Total 1,626,751 


In presenting these figures, there is no thought of com- 
bating the extensive transfer of lands to various uses not 
necessarily related to agriculture. However, such impressive 
totals may well raise the question as to a survey to determine 
the value of these withdrawals from possible agricultural 
use. I know this is a touchy subject but, in view of the lack 
of data, a decision as to what is a wise course to follow in 
the future is difficult to ascertain. 


Most people if they give any thought to this matter at 
all—jump to the conclusion that this is the farmers’ problem. 
Their attitude is: “Why worry us? It is up to the farmer to 
be concerned. He has to have us city dwellers in order to 


This paper was presented at a meeting of the Pacific Coast Sec- 
tion of the American Society of Agricultural Engineers at Stockton, 
Calif., January, 1954. 

The author—R. L. ADAMS—is professor of farm management and 
agricultural economist, Giannini Foundation, University of Califor- 
nia, Berkeley. 


sell his products.” However, the farmer can only produce 
what his soil, climate, topography, and growing conditions 
generally will permit. If our present era of plenty does 
become an era of scarcity, it will not be the farmer who 
will suffer first. He will continue to eat. Others will have 
to get along with what is left. 

So, we say, as a matter of fact, this problem is — or 
should be — of greatest concern to the non-rural popula- 
tion. What they can do about it is something else again. 


I say the city dweller eventually may have cause to worry. 
Note that 100 years ago most everyone lived on farms. 
Today, as one writer puts it: 


“Each year a larger percentage of the total (popula- 
tion) have put up their Christmas trees in town homes 

and have had to patronize the corner market for the ‘fixin’s’ 

to grace their festive tables. 

“Today, only about 15 percent of our country-wide 
population is on farms. The other 85 percent live in towns 

and depend on the 15 percent for their food and for many 

of the raw products which are used in the factories where 

they work.” 

Each year increases the number of people to be fed. 
According to statistical evidence, the population within the 
United States has climbed from (in round numbers) 122,- 
75,000 in 1930 to 131,669,000 in 1940 to 150,697,000 
in 1950. During the last decade, the average increase has 
been nearly 19,000,000 or at the rate of about 1,900,000 
per year. 

This brings us to another rather interesting conclusion. 
According to the statistics, our present standard of living on 
a nation-wide scale calls for 2.4 acres of tillable land per 
person. An increase of nearly 2,000,000 people yearly can 
call for 4,800,000 acres of foodstuffs and raw materials, 
such as sugar beets for sugar making, cotton, fruits and 
vegetables for canning, and a host of things to meet our 
living needs. 

You ask: ‘From where is this additional land coming?” 
Two possibilities emerge. First, there is the continuing 
development of new farming lands by drainage, irrigation, 
clearing cutover timber lands, and subduing brush. We are 
aware of the added acreage of irrigable lands traceable to 
the All-American Canal in the Imperial and Coachella 
valleys and the Columbia River project in the states of 
Washington, Idaho, Oregon, and Montana. Other projects 
may augment the present irrigated acreage, but I venture to 
say that these lands will be expensive to supply and serve, 
and in some cases the soils in such new projects leave much 
to be desired. Second, there is improvement in farming 
practices so that the present acreage produces more by use 
of such methods as demonstrated by the increasing use of 
better farming practices. More and better implements and 
machines will help. There may be other future offsetting 
factors. The growth of population may drop off, though 
this is not apparent in the near foreseeable future. 

A couple of other possibilities could occur. Increased 
importation of certain foodstuffs — especially from Canada, 
Mexico, Cuba, and South America—generally is one. Another 
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—and one that would cause a lot of squirming — would be 
by reducing our standard of living and tightening our belts. 

Some will say: “It is preposterous to believe that our 
country will ever fall short of foodstuffs and raw materials. 
Look at the vast tracts of prairie and rolling plains.” But 
what is overlooked is that much land is not suited to inten- 
sive farming — though grazing will be a continuing possi- 
bility. Let us look into this a bit. 


California 

Big as is California the state's land area utilized for 
farming is relatively small — and this is typical of the 11 
western states and also several southern states, including 
Texas. For California, the Census shows but about 8,000,- 
000 acres harvested in 1949, or 8 per cent out of a gross 
land area of something over 100,000,000 acres. The amount 
of all land in farms totals only about 361 per cent; the rest 
is desert, mountains, forests, brush, residences, etc. Irrigated 
acreage totals nearly 1,000,000 acres. 

The corn belt states offer relatively far more in the way 
of farmable land than does California — when weighed in 
terms of land use (not income since California’s specialty 
fruit and vegetable crops bring in far more per acre than 
the general crop farming of the corn belt). My curiosity 
caused me to check over the 1950 census data. I chose 
Ohio, Illinois, and Iowa as typical. 

Ohio reports nearly 200,000 farms; Illinois, 195,268; 
and Iowa, 203,159 — each more than California’s 137,168. 


As against California's 364% per cent of land in farms, 
Ohio utilizes 79.9 per cent of its land area; Illinois, 86.5 
per cent; and Iowa, 95.5 per cent. 

Cropland harvested in terms of total land area in round 
numbers was given as 10 million acres in Ohio (or 39 per 
cent) ; Illinois, 20 million acres (57 per cent) ; and Iowa, 
22 million acres (32 per cent). This is against California's 
8 million acres (18 per cent). 

As to average size of farm, California leads with 266.9 
acres; Iowa is second with 168.7 acres; Illinois, 158.6; and 
Ohio, 105.2 

Some irrigation is reported for Iowa (1,386 acres) ; 
Illinois, 1,510 acres; and Ohio, 5,706 acres. This is against 
California’s 977,702 acres. 

If, as is stated, we today farm in the United States a 
total of 380 million crop acres, which conceivably can be 
raised to 450 million — if conditions remain basically 
unchanged — then we can coast along for awhile. I base 
this statement on the figure of 2.4 acres per person needed 
for food and fiber. Another 70,000,000 acres would take 
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care of 28 million people. Then, we would be smack on the 
deadline. At 2 million annual increase, that means the 
deadline could be reached in another 14 years. 

“All right,” you say, ‘we'll grant what you say. Now, 
where does it all lead to?” It is a fair question. The 
answer — in brief — is that you cannot ‘‘cat your cake and 
have it, too’ —- meaning you cannot have the present food- 
producing capacity and at the same time take out of pro- 
duction thousands of acrcs for dwellings, factories, roads, 
airplanes, fields, outdoor movies, etc., that frequently in- 
clude excellent farming lands. 


The Agricultural Picture Today 

Notwithstanding the danger of boring this audience, we 
should delve into a few statistics. The situation as it affects 
our farming lands, in the relationship of food and popula- 
tion, will be considered along three fronts — the national 
picture, California’s situation, and (as a sample of county 
affairs) Monterey County. Monterey County was chosen 
because it is one of the richest counties agriculturally, in 
California. It is responsible for vast shipments of lettuce 
(about 37,000 carloads during 1953, with substantial ship- 
ments of carrots, broccoli, celery, and other valuable vege- 
table crops). It has earned — and deserves the name — the 
Salad Bowl of the World. Yet only a relatively small por- 
tion of the county's acreage produces more than $100 mil- 
lion of agricultural wealth — 300,000 acres out of 2,127,- 
360, or 14 percent. Another reason for choosing this 
county is that a new freeway is scheduled to traverse the 
entire valley, a distance of 85 miles or so. Many miles of 
this length lie close to the richest agricultural lands of the 
valley and, if the freeway is unwisely located, a lot of dam- 
age can be done by substituting pavements for crops. 

Considering the national picture, it is found that various 
studies by many investigators have unearthed some startling 
figures. 

As already pointed out, the nation’s total population 
increased 8,900,000 in the decade 1930 to 1940 and by 
another 19,000,000 from 1940 to 1950. For 1953, the esti- 
mate is 160,000,000. The farm population, on the other 
hand, did not materially change. The number in 1930 was 
53,800,000, the 1940 figure was 57,200,000 and the 1950 
figure was 61,600,000. This means that the incoming 
increases in population are finding their way into the cities 
and into industry. So the worry of sufficient food can 
eventually concern the city people. 

As highway traffic increases, so eventually new roads 
must be opened up and old ones widened, straightened, 
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(Left) A new subdivision at Salinas, Calif., on land capable of producing truck crops, sugar beets, or beans having a gross annual value up 


to $600 per acre ¢ 


(Right) For every mile of this freeway, near Gonzales, Calif., 20 acres are permanently removed from cultivation. 


This type of land will produce annually $800 to $1000 worth of lettuce, carrots, or broccoli per acre 
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and leveled. When this comes to pass, recall that a roadway 
of 160-ft width takes 20 acres out of each mile. A roadway 
of 120 ft utilizes 15 acres per mile. 

As an example of what may emerge, you may be inter- 
ested in a trial made by your speaker of the situation in 
Monterey County. Recently an enlarged freeway has gone 
under construction. If the new highway averages 160 ft, its 
course through the county will roughly approximate the use 
of land thus: 


Rolling lands mostly in pasture but with some grain 310 acres 
Dry-farmed land 212 acres 
Mesa land (mostly farmed to beans, barley, alfalfa, and 

other field crops and with some irrigation ) 936 acres 
Rich, level, valuable land, mostly under irrigation, 

farmed to a variety of large income-producing vege- 

tables, especially lettuce, carrots, broccoli, celery, etc. | 252 acres 


Grand total 1,710 acres 


In viewing these data one may well ask: ‘Could the 
right of way be so planned that a lesser amount of good 
land would have had to be so sacrificed?” I do not know 
the exact figure, but it does look as if the saving could 
have been fairly substantial. However, I was surprised that 
the location did result in a minimum use of the better land. 
Moreover, much of the new work will be a widening (from 
120 to 160 ft) rather than an entire relocation. 


Residential Subdivisions 


Another, and in California a not inconsequential, factor 
affecting the farming lands of the state is the many subdi- 
visions that are taking place on all sides. Nearly every town 
has its building spree. It is not surprising when one recalls 
that the population in California has grown from about 
5,677,000 in 1930 to 6,907,000 in 1940 and 10,586,000 
in 1950. 

So we find the number of dwellings in California rose 
from 2,138,343 structures in 1940 to 3,333,406 10 years 
later, or at the time when the 1950 Census was taken. This 
represents an average yearly gain of approximately 120,000. 
If we figure 6 dwellings to an acre, there has been a with- 
drawal figure of 20,000 acres a year. If these go on good 
farming land, then the food production is bound to be 
accordingly curtailed. Home gardening could offset a part 
of that loss, but my experience has been that only a small 
percentage of homeowners cares to fool with a garden, a 
few fruit trees, a milk goat, a dozen hens, and a couple 
of rabbits. As a matter of fact, land withdrawn for residen- 
tial purposes appears to make far greater inroads than 
for freeways. 


Effect on Farm Income 


Up to this point we have been stressing loss of land 
area and, as a corollary, agricultural production. Let us, 
however, give some thought to loss of agricultural income. 
Taking Monterey County as an example, the effect on 
income varies from a low of $6.30 per acre to a high of 
$642.00. In this county, A. A. Tavernetti, county director 
of the California Agricultural Extension Service, has esti- 
mated the loss of income from the lands removed from agri- 
culture at $642 per acre for the best land, mostly from crops 
of lettuce, broccoli, carrots, celery, and other vegetables, 
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as against $53 for the dry-farmed land, mostly barley and 
beans, and $6.30 from the grazing land. No wonder land- 
owners of this county regret the loss of the best land. 
As Mr. Tavernetti puts it: “By saving only the irrigated 
lands, or 6.5 per cent of the total county area, 85 per cent 
of the agricultural economy of the county can be preserved. 
Without proper planning, agriculture in Monterey County 
is destined to follow the very definite trend already appar- 
ent in a number of agricultural areas of the state. The solu- 
tion lies in intelligent planning now. It will soon be 
too late!’ 


A Possible Remedy 


The time is now for steps to be taken toward preserving 
our agricultural lands. The suggestion has been made sev- 
eral times during the past couple of years that a planning 
program should be developed that shall exempt farm lands 
from encroachment for industrial purposes, housing pro- 
jects, military installations, air fields, etc. All are entitled 
to full consideration. All should be given the opportunity 
to become established, grow, and thrive. But thought may 
well be given to see that allocations are wisely made and 
the development held off of good farming lands. 

I understand that any group of landowners in a con- 
tiguous area can petition a county planning commission to 
zone the area for farming purposes or that planning com- 
missioners can call a meeting to initiate such a move. As 
matters now stand farm lands have no protection. If 
engulfed in withdrawal of land for residences or industry 
needs, the remaining farm lands can face the problems of 
increased taxes because homes, factories, airports, etc., can 
aftord to pay higher taxes since the land involved per 
home or factory is a minor part of the investment. With 
farms, the reverse is true — the land is by far the greatest 
part of any investment in farms. 


For example, a million-dollar factory can have $50,000 
invested in 10 acres of land, or but 5 percent in land. A 
farm representing an investment of $100,000 can have 
$20,000 in buildings and $80,000 in 80 acres of land, or 80 
percent in land and 20 percent in buildings. One case is the 
reverse of the other. And, if both farm lands and factory 
lands are taxed equally at 5 per cent of the market value 
and at an assessment rate of $5, the million-dollar factory 
pays a land tax of $1,250, the farm a similar tax of $2,000. 
Of course, the tax on improvements is something else 
again. And again the factory assessment and rate may be 
applied to farm lands with a higher and distinctly unjus- 
tifiable tax rate. 


What lessons are to be found in all this? I would say 
the first step is a canvass of every county where proposals 
are in sight regarding new roads or highways, future air 
fields, new government withdrawals for parks, monuments, 
defense needs, residential sites, etc. Proposed withdrawals 
should then be studied in the light of possible effect upon 
prevailing agricultural lands. The answer then is to be 
sought to the question: Are the proposed sites the only or 
best ones available for the proposed project, or can alter- 
native sites be found which will satisfactorily serve the 
purpose of the project and yet be so relocated that only a 
minimum of — or better, 20 —- good farming land shall 
be lost to production. 
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RINCIPLES of design are as applicable to grassed 
Pp waterways as they are to many familiar engineering 
structures. 

Natural drainageways on cultivated land were once 
protected by native vegetation. This dense cover of vegeta: 
tion gave enough protection to prevent severe erosion and 
the formation of gullies, although the channels of drainage- 
ways in the upper reaches of watersheds are steep in com- 
parison with main watercourses. When the native sod was 
plowed, little thought was given to the effect this change 
would have on the drainage systems of farm land. Conse- 
quently many drainageways are now eroding large gullies 
that have gradually branched out and dissected farms into 
numerous small, irregular fields. 

The establishment of vegetated outlets to stabilize these 
channels is one of the initial practices that must be applied 
before some other practices of a conservation program, such 
as terracing, can be applied. More failures of terrace sys- 
tems are attributed to improper design and inadequate 
vegetative protection of the outlets than to any other cause. 
There are criteria for the design, construction, establishment 
and maintenance of vegetated waterways which are partic- 
ularly pertinent to this type of construction. Adherence to 
these criteria during the establishment of vegetated water- 
ways is essential to their successful functioning. 

For the discussion of the design, establishment and main- 
tenance of a grassed waterway, the following water-disposal 
problem has been selected. The conditions here are repre- 
sentative of many of the conditions found in southeastern 
Nebraska. The procedure is applicable to other locations, 
with adjustments in criteria to meet local conditions. 
Given: 

Runoff Data 
Drainage area—40 acres 
of cultivated land to be 


Grass strip 50 ft. wide 


GrRASSED WATERWAY 


Criteria for Their Design, Construction, 
Establishment, and Maintenance 


Waterway Data 
Slopes — 2 to 6 per cent (See profile Fig. 1) 
Soils — Loess and glacial till (See profile Fig. 
Velocity —- Allowable velocity, 5 fps 
Side Slopes — Maximum steepness — 4 to 1 
Retardance factor -- D (See USDA SCS-TP-61) 


Determine: 
Required depths and cross sections of channels 
Additional structures or practices 
Kinds of vegetative cover to be established. 

The depths of flow and channel cross sections of the 
waterway for the various slopes and reaches, which are 
shown on the profile in Fig. 1, can be determined readily 
from tables. The tables are calculated from data given in 
the publication, entitled “Handbook of Channel Design for 
Soil and Water Conservation” (USDA-SCS-TP-61). This 
reference covers data developed by the Stillwater (Okla.) 
Outdoor Hydraulic Laboratory. The calculated channel 
depths are increased by 0.4 ft to compensate for the added 
resistance caused by the grass before mowing, or when it 
has grown tall. 

The design data for the channels are shown in the 
Table 1 and Fig. 1 for the conditions found at critical 
points of erosion along the waterway. Channel No. 1 
(see plan and profile) is made with a 20-ft bottom width 
from Station 0 + 00 to Station 9+ 80 for the entire length of 
the waterway. Design flow calculations would permit narrower 
widths toward the upper end, but it is impractical in field 
construction to make numerous changes in channel widths. 

A channel depth of 1.0 ft is provided from station 0 + 
00 to station 8+ 00 and 1.1 ft from station 8 +00 to 9+ 80. 


Grass strip 75 widp 
nnel 


{ 20'Bottom width (b) _ pividing Ridge 


terraced 

Location — Southeastern 
Nebraska 

Annual rainfall — 30-in 
average 

Runoff — Maximum peak 
rate, 21/, iph 


This paper was prepared ex- 
pressly for AGRICULTURAL ENGI- 
NEERING. 

The authors— V. B. FREDEN- 
HAGEN and E. H. DOLt are, re- 
spectively engineering specialist 
and agronomy specialist, regional 
office (Lincoln, Nebr.), Soil Con- 
servation Service, U.S. Depart- 
ment of Agriculture. 


Fig. 1 Plan — and _ typical 
cross section of grassed waterway 
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TABLE |. 


Station DA 


DESIGN DATA FOR SIZES OF CHANNELS 


Runoff 8 b ¥ d Channel 
Capacity 
acres cfs c ft fps ft (Q), cts 


10 25 16 33 0.4 25 
20 50 20 4.4 0.5 49 
30 75 3 30 3.8 0.6 76 
40 100 40 aT 0.7 110 


, drainage area; S, slope; b, bottom width; V, velocity; 
d, depth of channel 


CHANNEL QUANTITIES 


Channel Station b 
No. to station ft 


l 0—8-+-00 20 
1 8—9+80 20 
2 6—8+00 20 
= 8—9+80 20 


Side slope 


4tol 
4tol 
4tol 
4tol La 


Channel 2, which parallels channel 1, is made with 
a 20-ft bottom width and is added from station 6 + 00 to 
station 9+ 80 to carry additional flow between these stations. 
The channel depth is 1.0 ft from station 6+ 00 to station 
8 +00 and 1.1 foot from station 8+ 00 to station 9+ 80. 

Channels 1 and 2 are separated by a low dividing ridge 
6 ft wide at the base and 0.5 ft high to prevent meandering 
and the concentration of flow in case of the failure of the 
grass cover in some spot. The channel dividing ridge is 
made low and flat enough to permit easy crossing with 
haying and other equipment. 

Too great refinement in caluculations of flow and chan- 
nel sizes is rarely justified in field practice. Nevertheless 
failure of the channel is invited if recommended safe veloc- 
ities, as determined from experimental data, are exceeded 
too far. In practice the design of some grassed waterways 
can be distermined by inspection. Some require the use of a 
slope level and paced distances. Some call for the use of an 
enginecr’s level and stadia or taped distances. Drainage 
areas are usually determined from aerial photographs. 

At the lower end of the grassed waterway used in this 
problem an overfall structure with a 10 x 2-ft weir notch is 
needed to drop the water safely to a stable outlet. Riprap 
20 ft wide protects the channel from scour at the entrance 
to the weir notch of the drop structure. Either reed canary 
grass may be seeded or prairie cord grass may be spot 


Netive! 


Glacial 
Moderatel 


Subsoil- 
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sodded at the edges of the riprap. Roots and rhizomes 
of the grass soon bind the riprap material together, and the 
edges of the structure will be protected by a heavy mat 
of vegetation. 

Grassed waterways are designed for velocities of flow 
that are safe for the cover the site will support. It is 
essential for waterway stability, therefore, that an adequate 
cover be established and maintained. If the vegetative 
cover fails, gully erosion occurs because bare ground erodes 
under such velocities of flow. 


CONSTRUCTION OF THE WATERWAY 

Channels are shaped to the dimensions shown in Fig. 
1. Available topsoil is saved and replaced where it is 
lacking. Waterways that require shaping are built with 
ordinary earth-moving machinery. 

Temporary dikes about 1 ft high are built on each side 
of the waterway to exclude runoff water until a sod has 
become established. Outside the temporary dikes an area 
20 ft wide is heavily seeded to a close-growing temporary 
crop to reduce erosion. It may be small grain, oats, sor- 
ghum, corn, Sudan grass, millet, or any suitable fast-growing 
crop to provide a dense temporary cover. When the peren- 
nial vegetation is well established, the dikes are removed 
and the surface smoothed to permit water to run into the 
grassed waterway. 

A heavy subsoil layer occurs at station 3 + 50, which 
creates a wet condition, Here, to correct this condition, a 
5-in tile drain is laid to accurate line and grade, and 
staked in the field. The tile isne is carried to an outlet 
away from the waterway. The outlet end of the tile is 
provided with a section of metal pipe 6 to 8 ft long for 
protection. A flap gate is used at the outlet of the metal 
section to exclude rodents. 

The overfall structure at the end of the waterway is 
built according to a standard plan. Line and grade are 
given on field stakes. 


ESTABLISHING THE VEGETATION 

There are a number of factors to be considered in the 
establishment of an adequate vegetative cover. Some of 
these are shown in Fig. 2. The 
soil must be suitable for the 
growth of vegetation, or it 
must be properly conditioned. 

Between station 0 and sta- 
tion 3 in Fig. 2, the soil is 
deep, friable, well-drained 
loess. Brome grass and alfalfa 
will be established in this area, 
as the loess soil is favorable 
for their growth. This grass- 
legume combination is a desir- 


Switch Gr 


erosion 


Fig. 2. Profile showing soil char- 
acteristics and adapted grasses 


‘se a ne cee es, (ies aie Sus ie eats Sa - _ “pecs eae = oF 
PES Se A oe is , , Sate te Sse ai ag Nise Helen apy Sige A rupees "TP, 
0 OO, ee act eS sa fo reba a BA ere ae rae Phd apr ee taney es are 
‘Se OU eae aera A : Krabi tree ” NR pete Sa Bee ee aR remat 
I re maaan eee, Meee esc os : ge eae Pe ee OCs es nd ee” en 
0 RE ARE Tee Seeger ne ra igt ep ets i ee Ge RT MNS) Ne OM AT Sees 
| tte Te A a ee eee SE ee a eae Ba 5 ee Ba ee re re ee ete ee aS een a 
= ESme, h oe a Bat £82 
aa a oa 
Shope coped 
ar, P 4 tga 
hs g. ae ox 
tic A ce 
ig nes ee 
Be pas 
ns a ee wake 
eee eee 
Fae et Oe ae 
oes a res 
Kee eae ea ae 
eros pes. 
ie ak poe 
ea ; 4 poe hy 
7 Tet Sa Banga) 
ie ane: 6 Bree) 
Lane ae 
sae 8 ae, 
+a gee 
aa DA ia 
Bt ed 
Ove: co, 
“4 a 
bya a d a 
eee pS ft oF 
avin: eee 
eS he ae 
Tap Ve ) ia, 
ay i ; eae 
hee ae 
ae age 
fees ae 
ky tn ae 
Fhe ne tase 
OOP ae q Hee 
yeas nia 
Ly Ga oe 
39 goa ss ah 
4) “fie eabee 
Bae a = “9 
ae eae d wee 
ae - a 
A ee 7 
a ane: Peas 
eae ieee 
Megas a 
<a ‘i ee 
9 yaa Be 
eke Pe 
ce hee ee 
- te 
iat 3 s Tt yoek 
2a ea ene 
Pan fae’ 
nse ae 
Niger: ae 
p Ee BS 
Me Ee 
nt. \ (is we ais. 
SCARS Sah 4 re 
hey ey an 
eR Bie 
yh ae 
ote 
Aye oR Shee 
Bal st Ee 
ia os ; 
oe el it; a 
Cn ae fe 
thee. ae 
ees eee es 
Set ae oe 
Re prs oe a 
a) ay Ree 
es ere, 
. sede cy ae 
yh oe 
SA at 
Ete ae aie 
oe ae 
Weck oF 
eer a 
ae Wat abi ee 
tt ts 4 cpg 
SaWvhit aioe by ooh 
Se ° Brome _| — oe 
SS Der? L,_and |alfalfa } Rg 
ibe ieee tue St a 
ps ae ail Slope 1% | ME Blue Ste = 
eit i } e4 
EL oR ee . °, > 
Sa Deep friab 3% mais 
hear: awa Loess "ow uae 
bd ae 140 oa 2 
Cpu Moderate |erosion ad Seep ee 
sa eels . : . Bey tes 
Pee a Install 5” |tile drain | z 
ape cies A Y, 6% ote 
mee ees) Heavly layer YES died ras 
Tae y Coed 130 oe 
Brat rare sie. 
iy Ee Lee | ie a ore 
ee de i ec - ee 
ys’ A peli ar o ci By * 
are © | mes 
aut erica a a 
Te Baas aa ¢ | Bere: 
ey ee % 120 ~~ | : Be 
Rah 9 Weaneey : = eat 
ples eee ¢ Severe erogion (-} ~~_ J Be 
Tae ° Be 
pee : = Dakota Soajndstone a — 
pm aS g 2% Fin 
font gen Np “| es 
shee ety © gee 
aay er 10 ee, oa 
Ee ore Saline soil Loamy 
rai ters pe eee 
ete | Modercte sand y 
par Gig «5,2 | nts 
te ee Po : 
fee wera a 
tee ga 0 ! é 3 4 5 6 7 8 9 aes 
RES, ele cm te mos 
ho ate 
cs eee ers 
Peas Teese, © ee 
Oe = 
i pene mi 
ety Seba + peat 
Ros es ae Bie 
PTE ike a 
oa ae ey ca 
SR abe > oe 
ate baat i44 
Behe sei _ 
aga Cais eat =e 
Ber ae a a meat . _ . — Siecle ce 9 Ss oie A Vo i ena ea 
aa Re , ee ee se eee ines as Pee sag peed ace 1S est, eRe Be sigs Be eer oe pee Be eee 
a e a eg RES et POE MNES cA are Cee sy. Sie cecil ie en is Bok [eine ey Fae Cat ila: 2 SO a aia eee Tee aa 
; np. Nea Briel oF seine hee ag a oe i Rar Sia re Hoe Derr ts 7 i enn aN belie tne ce 
PES. ys eae . ead sl ied, : ag 9 ee GARCT. Rate Rs ie 
LS he ‘ im aN We é st ee ss a as Shee | Rogen ig 5 ee “ 
en ae ou Bs be Eo at Zs oy — < a) 7 2s Sah eee : is 
Bec | ray are no > +e, ah Be ' epee ara 7 es Wigect 
toa me ade ay i ae 3 Sa 7 iy : ae 
east. : : a anes 5 rat : ‘ey gat: se : ae eae Bia 
1 SO 1S ge ae or a ghaayt ay ye 7 Sea Maan - ay tae aan ae a ae oe ee 


AGRICULTURAL ENGINEERING for June 1954 


able crop for the farmer. Grasses should make up the 
major part of the mixture, while legumes, if used, become 
only a minor part. Whenever there is a rhizomatous grass 
that is adapted to the site, it should be included. 

Just below station 3 is a seepy area which is caused by 
the outcropping of the impervious clay layer shown on the 
profile. It was decided to tile this area to drain the soil so 
that desirable upland vegetation, such as brome and alfalfa, 
will grow. This outcropping exposes some sterile subsoil be- 
tween station 3+ 20 and 3+ 60. This will be backfilled with 
topsoil to provide a better site for growing an adequate cover. 

The soil between stations 3 + 60 and 6 is glacial till. 
It is only moderately fertile. A native bluestem mixture 
will be seeded as the most suitable vegetation for this 
segment. It will maintain vigorous sod on this soil of low 
fertility and will require very little maintenance. In order 
to have fewer grasses to seed and harvest, the bluestem 
mixture may be seeded on all of the upper 600 ft of the 
waterway. 

A seepy area also occurs just below station 6 + 00. 
It is caused by an underlying layer of Dakota sandstone. 
Since it is impractical to tile drain, a grass that is adapted 
to wet soil will be established. This may be a rhizomatous 
grass such as prairie cord grass which can be spot sodded 
since there is a source of sod in a mvadow below this 
waterway. Reed canary grass and alsike clover are also 
adapted to this site. 

Between station 6 + 20 and 8, the soil is a wet, heavy, 
saline clay. This area will be seeded to tall wheat ‘grass. 
This is one of the most desirable grasses that will grow 
on wet, salty sites. Although it is not rhizomatous, a dense 
growth of tall wheat grass will control erosion on this 
gentle grade. 

Between stations 8 and 9 + 80, the soil is a loamy 
fine sand of low fertility. It will be seeded to switch grass, 
which is best adapated to this soil. Switch grass provides 
good forage. 

In the foregoing selection of vegetation for the various 
sites, it is recognized that not all species thrive equally well 
under all conditions, nor do all species form a dense sod. 
For example, if brome grass were seeded in the wet area 
at station 6 it would likely drown, or not grow vigorously 
enough to form a satisfactory sod. But reed canary grass 
and tall wheat grass are well adapted to wet sites and will 
provide the good sod needed to carry running water. 


SEEDBED PREPARATION 

A well-prepared seedbed for the vegetated waterway is 
one that is fine, firm, moist and free of growing weeds 
and objectionable debris. If a seedbed is not properly pre- 
pared, the sod obtained is likely to be rough, spotty, thin 
and weedy. It will be difficult to maintain, or the grass 
may even fail before becoming established. 

The smoothness of the waterway will be checked before 
preparing the seedbed. Necessary fine levelling, floating or 
dragging will be done. All operations of seedbed prepara- 
tion will be done when the heavy soil is dry enough not to 
cause puddling or baking. Chances of poor, irregular 
seedling emergence are thus reduced. 


Traveling of heavy equipment during construction oper- 


Aly 


ations may compact the soil severely. The structure of the 
heavy soil, such as between stations 2 and 7, is frequently 
very poor. Perhaps it will be destroyed during construction, 
especially if moisture conditions are too wet when it is 
done. If this condition exists, shallow plowing or frequent 
heavy disking will be necessary to get sufhcient fine soil 
to cover the seed. Disking, harrowing, and packing or 
rolling will usually provide the desired fine, firm seedbed. 
Perform these operations with little delay between them. 
This may reduce the loss through evaporation of the sur- 
face moisture that is needed for rapid emergence of 
seedlings. 
ESTABLISHING THE VEGETATION 
The problems of establishing the outlet will be mini- 
mized by carrying out the following procedures: 
1 Lime the soil, if necessary, and apply the needed 

fertilizer. 

Seed or sod at the proper rate, depth, and time for the 

species used. The seeding rate will be twice that of 

usual pasture seedings. 

Provide a cover of annual crop stubble or mulch to 

control erosion. Mulching with a ton per acre of 

native hay that contains viable seed is a good method 

of establishing native bluestem. Other suitable 

mulches include straw, hay, manure, corncobs, etc., 

applied at 3 to 5 tons dry weight per acre. 

Control competitive weed growth. Mow at a height 

that does not clip the seedlings while cutting the 

taller and faste- growing weeds. 

Use insecticides and control rodents when the infesta- 

tion is first noticed. 


Frequently inspect seeding and immediately repair 
breaks. 


Protect the waterway from damage by livestock 
trampling and grazing. 


WATERWAY MAINTENANCE 

A good maintenance program prevents the need for 
many major repairs of the sod. Timely and proper mowing 
increases density and vigor of the turf, retards weed growth, 
prevents weed seed formation and develops a tougher sod. 

Fertilizing is a recurring maintenance operation. The 
brome grass and tall wheat grass, which are cool-season 
grasses, should have approximately 50 to 60 lb of available 
nitrogen per year cither in commercial fertilizer or heavy 
applications of manure. Half of the commercial nitrogen 
fertilizer should be applied just ahead of the seasons in 
which most of the growth of the particular species takes 
place. 

Inspect the waterway at frequent intervals for breaks 
in sod and the need for maintenance of the structure. Sod 
rills or fill with good soil, reseed, and firmly pack. This 
usually heals the break before it becomes large. However, 
well-packed sod is less apt to wash away if an intense rain 
falls soon after repairing the rill. Sodding may be done 
with an ordinary shovel or labor may be saved with a 
tractor-operated hydroscoop. 

Vegetated waterways represent an investment of capital 
and, like all mechanical practices, call for timely mainte- 
nance if they are to function satisfactorily. 
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INSTRUMENT NEWS 


Kart Norris, Editor 


Sponsored by the ASAE Committee on Instrumen- 
tation and Controls. Contributions on agricultural 
applications of instruments and controls and related 
problems are invited, and should be submitted direct 
to K. H. Norris, Agricultural Research Center, 
Beltsville, Md. 


Measuring Air Flow with 


Perforated Metal Sheet 


Claude K. Shedd 
Life Fellow ASAE 


ULTIPLE orifices made from commercial 
perforated sheet metal have been used for 
measuring low rates of air flow during the 

past six years on the USDA grain storage re- 
search project in cooperation with the Iowa 
Agricultural Experiment Station at Ames, Iowa. 
A sheet of perforated metal to be used for ori- 
fice plates is calibrated by cutting two small 
sample plates from opposite corners of the 
sheet. These two sample plates are calibrated 
for air flow per hole at various pressure drops 
by use of the displacement apparatus that was 
described in an article entitled “Some New Data 
on Resistance of Grains to Air Flow” published 
in the September, 1951, issue of AGRICULTURAL 
ENGINEERING (vol. 32). Calibration of two 
sheets received in March, 1953, is shown in the 
graph on this page. When material from these 
sheets is used for air-volume measurement, this 
chart is used to determine the number of holes 
to be exposed to air flow to give the desired air 
volume. The chart is used also to determine the 
actual volume of flow after the experiment is in 
operation and the pressure drop has been 
measured. 

The general accuracy of measurement by this 
method is indicated by the following. The data 
plotted in the graph are from 144 air flow tests 
of four sample plates from two sheets of metal. 
The readings from the four sample plates from 
the two sheets were near enough alike that one 
line is drawn for both the monel metal and the 
galvanized sheet. Statistical analysis of the re- 
sults showed standard error of estimate of + 1.8 
percent. With 30 holes in a plate exposed, the 
pressure drop for a given rate of flow per hole 
was about 1 percent less than with 10 holes 
exposed. This was too small a difference to 
show by separate lines in the graph. 

Holes in these sheets had been formed by 
punching, and consequently the edge of the 
hole was slightly rounded on one side of the 
sheet, square on the other side. When air en- 
tered from the square-edge side, the pressure 
drop for a given rate of air flow was about 14 
percent greater than when flow was in the op- 
posite direction. This is shown by the two 
graph lines, A and B. There was less variation 
in data obtained with flow entering from the 
square-edge side, and therefore it is generally 


best to provide for air flow in this direction. 
ES EEE BEL ESE LTD 


This paper was prepared expressly for AGRICUL- 
TURAL ENGINEERING, and is approved as Journal 
Paper No. J-2491 of the Iowa Agricultural Experi- 
ment Station, Ames, Project No. 587 (USDA co- 
operating). 


The author—CLaupe K. SHEDD—is senior agricul- 
tural engineer, farm buildings section, agricultural 
engineering research branch, U.S. Department of 
Agrtculture. 


eoseeoees 
terest et 


+ 
+ 
+ 
+ 
t 
+ 
' 


te theeee > 
Hrte 
the eee 
tthe 
t Mt 
t+tttt ttt 
Thee tee 
+ttert 
he dee 


++ 
+++ 


; 
{ 
} 
rf 


oe 


#S5555EE== 


Ht 


pocssooees 

tH i there! 
poets roccoccecs 
peadee speenees 


poeee 
tit 
tH++ 


$ 


tt 
++ 


HH BESS 
Hees tt 4 


HUH BEBEE 


i HE 


Hi EH 


HERR HRE EH 


$3t 


SERRE 
SETHE: 


iia Seat 
Phat 
aici 


HERE EEH 


HH 


$RR3HE IEE 


SEREEETEE HEH 
SHU EEE IHHEE 


W492 ‘MO74 MIY 


teecesesesseeeeaeeue » 
J 


PRESSURE DROP, INCHES WATER 


—_ er ee Fae ue 
a tae eet We ee Sy, gine 
Os ae rary <i x Sea erie Fee ; as Lor 
es ie ste 3 Ps Be a - x oa 
east pa 4 De ia t= as ih oe Lf = hae me aia 
POY 4 een [ae ee 3 On Sn a ae aime vr ie aire sw ae eae ae we. = : Lg 
2 Ae, GS AGES? MSs ro eee a aan Le : ee Rr eer eee . cd gh eS ie asst arn Sc Ne, eae oo ae 
Be pet Rite s i ‘ = YAY TS iss ZA 1 Fe se RNa oer ee ee PO es ee eg ee ae 
de (el “a 
you get a, ie 
MR S'S i 
feed ae BA) 
aes pre ‘ 
Bet ; q 
Rarer] ‘ 
fo SO seaae t ts 
ay a) 
i ae No ae Me 
iy ay, we a 
Ae: rset , 
rapes 620 AGRICULTURAL ENGINEERING for June 1954 i 
es ok d a 
Frew Dee - =F 
omens. ibe) 5 : 
tae aes a 
Sar sete, a - : TH - 
ts a ee eee Ee eee CR ; SESz iit iitsi38ss iSgssasssssssssesi 
ee Hn an a a 
Aleta: sSsS===3! 333: s33sessie3 iS3SSSSSS5 5: + : 
Reey 250s sgaSs esos: petitittisttesstissta tte est tt ett +f i 
Boy eek e§ees sense SH She ra? 
ABE BS. 830s gps sense wees irresscens sensccnes: + =: ae 
ee ee P| 19680 vdedeseess waaee iircee poesases ot ee 
coh, yegee sases 0OSS6 BRaas teresetees tasesseeas -ssesesess te 
a ae tttttretrte+++$s+++beteptetthisessenee ‘o eseeneee: n = 
CaohS ade essseeks: stthtett seses 3eeSe sees ieesessessees = B = ie 
a od od a wet te teee otoasceeee Sted teee tt ttees Cy ec pra 
ee ees sesee: apse sees passe cases Hot <a & oe 
wee ak pee | NE ne Pattee . 
Wea ease 333; Shsieiess xe a 
bees . * = seees ssessress Tt sS3Ssssssssssssssses CF GF < 
ae SERS Ga uae asst ; 
apes : a TG fiiiiiiit g > fii iit titi Meihsipiin tit SSS: partes iiitiii: of ~ di = ' a 
ame Gee sesessssi eps sses i535 Sgg stat SH sh soosetesseesssesss Papert tit tt 22 
Be: auth ssssesss: 3353 Soee8 3Se3: sss toga: S833 s3Se5 ~ SSn: ott eeseeeeess =3+5 le ae 
aes Gea SSeSsec=--- oF ce-Sher Seg Ssssss on 
Arey Sere = essssessscsesssse=: Rptitetisst seg tt poe Shoes sesssssass sss re 8115 82 
aries ssSssssssesssssaes: Settee tesestesss pe taSt “oa sites "sthesstesns ins," 5 Se Seeesees: q 
eee +tt+t5 44444 ened 000s s9ees ps SS ae= eesessess soceresee) \Seeseees oo 
cee ee hc 9820282081 x peas teens ensecoese se |) Senews r” og8 pesseeeees - o ee eeeene oo 
are e eee ee seeeeees +++ n reeed teas possesses te a sessesoees ott ttt i 
ee ewe we ve om Rreckittitestic ste Ba te-+- 1 s99ee8eeE lssesnene me: 
we ee sessessceeaseesapom } sea nabs tensusens er heipstcititt : Sesssssesm ss 
es eisssseseee: - * Sit ties ees "3333333333 5332 Se3 ++ fe 
eae Hsshsss53 S5S=5 SS Sa ii, j, a] iaees tates sastiien sted ete es ott -E33--i... Hestaee iisittsi” “38SSSS55: ite 
ao a HTH +t 25: ieee sesesssitittits essteses $e ie= S81" sth tssssssess te: Sc sskss: #3333: a 
sees eissssessssseseeea fsses sees istisietittesssssssts “is- Seite; -ssetssits st +-5-=s_ SSSSESee a 
Spent HSSSSS2355SS5SSSS5: S352 2555: : 3 we ss me 
ere: 35325333 ¢¢pt eis tt ‘Sees SoSEe teattintes teas tees sss: re tt SSSSSSESS: bSS-<8; coe t$y ep 
ay 333323532222sssseee: Ses Sases sssssstess tessa tecsi ys Sei. the sss seseess fa ott! #3232235: ie 
he AB Pe Set SS SSSSS 15055 22525 55533 S351 PTF Se lichoo..5t | ssssss tesesense™ <ses ‘ss=== og 
a hoe sSsssssassessssoss: ns Sees sss cess ress sso: gsesies i Sesdcesssss s seessss_sses: = 
ee penn: passccsssseneses=e: SSOSS sees roses Stone cece. SE aes tt oid ta :Se- ==- ae 
hg bt Sead Hittite tt * sepesegsce se. se: sets *Sassseaes see Tr sn (y= 2 wee BE 
EE sssesssesssssssess: $335: se233 23332 PPT Baits teste Sesasasss ts 235 285238335 5 
Ni eg Soessessccceseaseee +4 . Sesssesssts.. SSS Seirietr'i, sssseeseas= =s tet ae 
ey 0. Gaia ar $444444444-44-4 + 3 oes 5eSses Say Be i. sees Nn wtp : 
Bete a ts (sSesescccssasseeaes Ht stress eassesssee -20" Sate tert. sessed Coa sSsss 
~? ey 2 toes + ttt He tee tee o> ante ken aoe + - 5 etnteiads inananinnanonn . 
Sg ee seenseeeseeseneaeme Ht SE HS Ha SS a ore tt ae 
awe eseccccescussaaana saat neat ts So aE The jesssass tee—oer “3 3e ea pa 
i eaeaaal + ++ +. poeee 00808 Seeet pones secee ee. cane tepeetoves s”... \OeueeS 888. 01, _ 4 + «ee 
a scscceeeeseueea mmm ec tercstssedcs a” ireseseses “aif Ate tung det a 
Sah eras +S $2 SOOHOm 11005 +44 bese seeee 04 BON .at pense 0 + ‘pee 
see te Het f wens ogee i Be on: ee qe ec 
ee ttt ttt toy SE Ron sees ceeee ceaet sf eee cneee te eee &> =e aad t: ++4+-+- tebe ee 735) 
Ms ee teeeete ttt tt tee ee seees roses Bs wi tet i! spoass ae~~8r-4 py bet 
= A eute ata SOSSESENSS SOS SSSRHSS 11608 10008 seeet , pee beees 04 Ber b06-( BL44, i 
Secs th ne SS SSS SS SS 10008 16008 FONE ry penn neeee te>=4eeri #8 atte + tt a 
ig) sae +eefed sar | fet [ somme Fk 
eaten per tFTFPtt ttt +o +p p+ + + depos bet bo bee ey tata ‘ sete : oe = ‘7 fr a I a ‘ oes 
sed aaleeat 333332833 SSSSSEEus! : poses ss.“ ia. : : t ee 
o SEE SCS E Ss Saree ee a Q 
pecker, 333355353: tt 333335353: oth, 32333333 ae aos ee z 33- a, 
ae tee sSs3ssses ttt s3sssses- “Ss, fesse 0 nts : a 
ieaespiee ssssssss: att ssss3ssss: ssssses . * 5 ae 
heir ks setter ett ee ttt P-¢ ° 5" 2 Dae 
A aN secgsecsssesesesese iiss: - t "Tis28o- > th q eg 
Bea cee) titittttitit tt pe ppitpeees sees vanes t Toe ME sd eat) ie aD haeSSes- : . 78h 
apa eeecesssasumemaomem itsrttscesssee: THT Xie 38 byte tae 
eee Boe 08 008 OE BOS OSS SVMS Hote s8008 90004 th. v0 peas cats, et on: tu Al ae 
er aie -SESSS=S: SE35 SSSS5 2553355: 22: sst3iis=33 i322SEF22SSSSSSSS; ae 
Re Lu SEZSES=E=: HE HB BS: SESE EEIEE , S55) asiitisss Sssstssssssssessasaee A: 
Has pSSSSSe=s: tiii esses Sages tos Sh 355s Ss sitttsses sssssssesssesesseeey us 
Py ees $33 tt tt +33— $Soge SoeSs SoSes Sees: eecceseeseeeeee eS eee 88 See eee : 
+: ek ‘SES=S=SS== + Srestiett Saiiiesestesesses: Ssssssszz ie 
pn Sele an es. tt (ease rowes stecsssestsecesecns oS S ee ae 
are | $4444 eens eses: +044 powes seces sgvecoees sea poseoes oS a = ee 
ates SSsececseaseseeeee= + Stoststit sisseeoes reseoveces sesseasens seaaemasaan: wig 
ear scesecene Doaaamaamans Bese BERS snes ae fossa SEEESINE: 292324444 iit a 
je > pooed pene sooo sescnsece se0eseSSes teSSeEsees Set + aes 
pny 4 ee soaeeees pane SOS SS FOOSE BOSSE Woes saves 1rees poses N sevecesens ee, 
pies SS SSS ESN st ep 
eee + + ++ POSS SOSSS SHSSS esse sen0e 8008 . ssoesees aS 
ae 1o8e8eScussnsagmamee tse tesesiscus suaae inn iieesseess tess Sean's) vesesene sgedeesacesas: § 3 
mee +t > + SSIs 3333 8333233553 SSSS5 =: % eS3SS523S5 33355; = ey 
ates itstsssssso= see ooo 253318322 2332: essassasss tease Seees esas seee sities: tsssssssessssascoee: cate 
ey HsisssssssSssesesees titi its: ites: ssessseses tases Sstes ssszs sees sistrisits $552233533 SSSSSSSS== a? 
ms igssidssssssessece sei isis: sasitasi susnsssea Sa8e8 S553 HESS HT ae 
spect ye ttt +: + bass sss33 ssses 23 SS ++ essssstss tstaeeeees ceeeeeeece: Pty 
ay geal 333335252252ss2s===: 5333: siiss ttesassssssassssesss . HEitn HassessesdsseSS=S=: ae 
ed | Pee Ssssssssssseses==s} ths sssssisSssissessssssssees oiiiisss isssesesssssecsesas: Ce 
Srnec #35552323355g=sSSS=- sess sess issessssessssssasess *Sirisss sssSSSSSSs SSSSSSSSS: nigne 
5 lie ssssssssssesec! +t ttt tttt seeccese secsesseecasuas =s ey 
ett nee ssssssse: :===-: +t Ree eet tt SHS, ae 
ee ssssasse; eee iiss issessssssseses nests: , 1 oe 
i pesessssssesesesees iiiiiti past iB ES 
EON led sseseseent 7 “4, 
Se trp Seesssest teosecoces. teneesesee sees cesses tereseesee set I 
cP ee TH tease ease isettren tases teat Iiearnstet ate, h 8 Sesesesssesesseeeeee 
ag ete jeseener Suamaammarentecssteses toons teees cease cesses teresesens tosses tt § SSSSSSSSSS Soom eames 
Srey eS ‘ + oeves secococecsceoees, 00 seeseeeees Seseeseeee 7 
Si seaseane tease pene isuitat tess taage bases ssseimrniniiinniite Ys VeteeteSSeSSSeSSS5—5m ae 
Roce tae tt 2 Usseeeeceseesesseee 
as ER iesseenser joan reees sane ineerioeus tenes teses Seeea, iuihiittiveneden ti Segeaseeseeeeeeeee ees 
Mevpepr cess seesceaa nenes Veennneeoe sete ceese canes deccesasareceegoet. ta 180 SeoR ee i 
Lea aera ttt Wuncsseediepeusnseesoeee seonuneenssoseapenss ‘th. ane 
shen (ae Titttiot ‘MOD ORSU NSEEE BaBBUiiiieeeeceeeel "h Coneee: iia 
cS eee seeee seecen posebecte] Ssends0eee BOSE DeSoe itaeneeaateeaeed tae seaneneeas ae 
ie AG = 333; 3323: 7 piney 
8 HEEEDEESEEEESESS | GEUEIEESGEE | SE RHln fees usc sees ented SSSPEESE 
hie 33355Sssss== sss sss s SS3335S533 ssesssssss 8 ae 
meus BHISSESSSSE HH 3352 $55; eet 35255 a 
a oa Ce V5 ss9cecesenaama — seees +++ © ' etl 
agg ete we sevee eens s80es Seeee Be sevesceses: Pt Vr 
Bai ro Sssssssesess 33333 S333 Ssssssssssisisses: stp tye a 
evi 2esseseenanmas se. posse sessesoses issssesss: ry oaaaae oe 
i ssssessssesss SHE ena maaseses Wags 
Eh ceeceeeees ceeeeee: q cs 
ee te ——- sesesseses geese Wistesesssesssssssssesesses. © ‘Sessaae fy Recs 
fea Seesseese tateeessesseceseeses stsceasessassasaa sa sssecee) oe 
Fe seseeeen eeeee | eeess toeeececes cogs ccoees seeesenees assem r iy 
st} tian Sesasaaamtuee HSS ‘seces secee: gH ttHsties tssseSseseee. Ss teSS Se ° f vo 
es see : : i giieH Httiidins dttese2553 2. SESSE Ee 
Baer HH? 46- EESESSSSS IH SHEERS i We +e 
ane! HHL HELELEEE Age Be 
Bay gene teze- ===> sti HHH EEsE= >: SESE) ee 
a Sie nei Hau in ones bese caiseiiteatel SSSREagetaeteei + SSE ee 
wl 5 S3333S=S5 =: SS5555=5 == ae ve 
aa spares 35533535: 33553 S533: ieegersess Hit: sssse? Ses ec 
iy Shane = peeeces + +344 seavece sessves | Pel Ee 
Poe, aks sssss ssses sSeessssssesensrsrssssess: sessesesessse=: —— j 
oan tit Ssseucs i5g53 ages Suaus snsisiesteeesttaes tssssSSSSS SSESSSSSESRY ieee 
0 i scimal Hiniiiit S35SS5=55 SES SSSSs So333 SSS ecssessss PS He _ 
Wears pageceeses sssssssse $5353 38583 SSSSS SSSSE wsssscsses: ssssesesesseasseseee ; 
aS Si es tee sssssss eases sees eit tsesssesssessesseses i fgg) 
at seer seeee BOSSE Hrererressecovcnsee aon 
praoie: seseeeueen sess tseeecsecesesseseoaa a Mea, 
ate ee SHIH sseeesee hts a HSS a annie EEE HETSEEE ES — 
$e 3 ses 2H 7 $3 sssssc== sSs=f) eee 
MS sssssee | $353533533 238332233: i ae 
Ais i 355 erie WHEsHEtd ES SETEESS EU _ 
Beye $3 ssssis33 ss33333533 S2SS=== ea: | 
pied : sisiisessigsssesezs S=S=S' === ee 
Va Fi t Sisetesstt sett =s=5 Boe 
apae 3 == tt sistesesdssgssssees SS=E= _ Ul 
a $ ssatiesisgessses: ss== es 
roige + sisssssassegssseses s==== Cee 
Pernt = 3333 sstssssessesseseess sS=S== peg 
8 ate it: SesuSsees teees Sseasessesessteesss S332552==5555=— SE 
agent e533 $3383 3ssse5 Sasstsetesssseces: 0° ey 
ett +H sesgsseces sseessssseessssee= Bo, 
faye} rug FS seesece bwees e0eeceeees Seer Pe oiat 
Va ata see ececseees ttt tt ttt tt sseeee Eee 
bes Mange sesesenesssssces THEE ves aPHEHESSEESE [ener 
BAS? seces: +++ om Lae 
BLS ae sessescesaseusea: St+44444 vessessees pete tees fod ee 
Ry ieee seeccccceceane: J a el 
(Bt taseeenses peeees: seeceeesas Slheadbeadbadeal ats + 
re iuersssaiae agstesesit SSstitn picks t ese inrene este Hit Hestsesss vom 
Senco it ee6 sence taeeasaoee scsege ee ie 
ve ow 2 itt jecesseent TOC ee Tot Sen + in 
pe +4+444444- 0 bS088 DSSS inssecnens peseeseces seesseees +4 ee 
fs seeet eee vena eee PH HeHe tee dt epeeee + ++ 44+ Seekeee au os 
ee oneal see venenneees peees Seat aeteet treteenees seeseeees ttt ee 
i sesesae Ses peepee +H Ht ive weesdeus eeseeeee SeeSeSREae asa 
ee tt emai eae Sonea nie iet PO ere 
eee ~ - @ @ nr ° o a * = ye: 
oe 3704 uz a. 
ra ae ae 
att i t het 
ss ree: 
wet oe ee 
Piers cara 
Ris | ae 
wie ‘ ae 
Alegent vm wae 
ES rer ° = ewe Fi Sey ee Sapa tea MMe | RIMM eo, W Mari eile rae Page 
AF st adi eee ee Re oe Te Bd RAS) ie Sa Sana: a 
Ere) oat a nee nC Me Seay ee Se Be thee “Saat = - Po i I I 3, ANE oer 
Sito cod fa, a ee os oe ey la ee oh ies eat . rhe ee ee ee =, 1 Ae 
Je bee ees Ops Wem SS deere Pre he ea - @ eed al oe ee oe) ie ee fa sone eee: e 
renin: taht ame. Sy ORE al en ge a yy Digee as sullen pate, ci rae 
Seon age Pp me Se ET em fo pane ee eee Rt igi a eh Ti. ee 
Peete cA co Ae tage Ae ht ! 3 ean . i Se ee rz 
St aS Sh 2 Ey pa Os Tae Se eae aie ‘ eM a ee a7 9 Wee 
Fi OE rag SAE Santi = 2 nar a LES Soe ane te a : 
UP Si Snes et Enon eNO ee ie eeelty > ie Racy ea ee ¢, Gest a 
3 Sele RAR ES is at tec Ee ni ee eA i eo 


AGRICULTURAL ENGINEERING for June 1954 


PROPOSED ASAE CODE: 


Testing and Rating Crop-Drying Equipment 


To ASAE MEMBERS: 

The accompanying proposed official ASAE code is 
sponsored by the ASAE Committee on Crop Drying 
Equipment—A. M. Einerson (chairman), S. S. De- 
Forest, L. L. Hamilton, B. P. Hess, R. E. Heston, L. E. 
Holman, W. V. Hukill, Nolan Mitchell, J. B. Moore, 
Jr., J. W. Weaver, Jr., and F. J. Zink. It is a revised 
edition of the official code adopted by the Crop Dryer 
Manufacturers Assn. and presently being used by sev- 
eral manufacturers of crop-drying equipment. 

This publication of the proposed code is intended 
to provide an opportunity for interested ASAE mem- 
bers to review it critically and to offer the Committee 
such recommendations for revisions or additions as 
they may wish. It is suggested that such comments be 
addressed to the Committee chairman: A. M. Einerson, 
199 Rhein St., Mansfield, Ohio. 

Action by the Society to adopt the proposal as an 
official ASAE code will not be consummated until 
Society members have had adequate opportunity to 
express their views to the Committee. 


1.0 PURPOSE 

1.1 This Code is intended to provide a uniform and 
standardized method of testing and rating crop-drying 
equipment. 
2.0 SCOPE 

2.1 The Code covers equipment having fans for forced 
air circulation and a heat output of less than 2,000,000 Btu 
per hour. 


3.0 DEFINITIONS 

3.1 Crop Conditioner. A device for forcing heated or 
unheated air through a grain or forage crop for the purpose 
of conditioning it. In the case of heated air, the heat ts 
generated by the combustion of fuel within the device. 

3.2 Crop Conditioning. The process of changing the 
moisture content of a grain or forage crop by the means of 
forcing heated or unheated air through it. 

3.3 Heat Exchanger. A gastight chamber in which fuel 
is burned, plus a secondary heat-transfer section through 
which the gases of combustion flow. 

3.4 Indirect Fired. \n an indirect-fired drier the com- 
bustion takes place within a heat exchanger and the products 
of combustion are exhausted to the atmosphere through a 
stack or flue. Heat is transferred to the drying air stream 
through the surfaces of the container. 

3.5 Direct Fired. Ina direct-fired drier the products of 
combustion and the heat of combustion are given directly to 
the drying air stream. 

3.6 Heat Input. The total gross heating value of the 
fuel supplied to the crop drier for combustion expressed in 
Btu per hour. 

3.7 Heat Output. The heat transferred to the discharge 
air stream as measured in Btu per hour at maximum heat 
input and fan delivery. 


3.8 Heat Exchanger Efficiency. 100 percent times the 
percentage of the heat output divided by the heat input. 

3.9 Casimg. The outer enclosure surrounding the en- 
tire heat exchanger and confining the air being heated. 

3.10 Steady State. The point where the operation of the 
crop drier reaches equilibrium. 


4.0 REQUIREMENTS FOR TESTING AND RATING 

4.1 Accessories. All wire guards, screens, and acces- 

sories shall be in place during the test. 

4.2 Motor Ratings. A calibrated motor shall be used 

for the purpose of testing. 

4.3 Maximum heat exchanger or combustion enclosure 

surface temperature: 

(A) If the combustion chamber is built of low-carbon 
steel or gray-iron castings, the temperature of the 
hottest part of the metal surface serving as heat 
exchanger or combustion enclosure shall not exceed 
that of the inlet air by more than 930 F measured 
by thermocouples attached to the surface. 

‘ Higher spot temperature (published scaiing tem- 
perature less 100F) may be permitted when a 
higher heat-resisting steel or casting is used (Table 
1). The type of material and its published scaling 
temperature is to be shown in the test report. If 
the material used is not listed on Table 1, the 
manufacturer must report type of material and its 
scaling temperature. 


4.4 Any of the following fuels may be used for the test: 

(A) Oi. The API gravity shall be determined and the 
value for heat content taken from Table 2. 

(B) Gas. Natural gas having a Btu content of approx- 
imatcly 1000 Btu per cu ft and a specific gravity of 
approximately 0.60. 

(C) LP Gas. Propane, butane, or a mixture of these 
two gases may be used. Percentage of mixture must 
be reported. 

(D) Sotip FuELs. A complete fuel analysis must be re- 
ported. 


5.0 METHOD OF TESTING CROP-CONDITIONING 
EQUIPMENT 


5.1 Test Readings. The duration of the test shall be at 
least 20 min after reaching steady state at each increment of 
static pressure against the fan. The increments of pressure 
against the crop conditioner discharge will be 2 in w.c. and 


TABLE 1. SCALING TEMPERATURE OF ALLOY AND 
STAINLESS STEELS* 


Scaling Scaling Scaling 
Type temperature Type temperature Type temperature 


302 1600 316 1650 416 1250 
303 1600 321 1600 430 1500 
309 2000 347 1600 446 1900 
310 2000 410 1250 

Table VII, page 556, ‘‘Metals Handbook,’’ 1948 edition. 
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range from free delivery to static no discharge. There will 
be no heat input or output at static no discharge since this is 
a measurement of fan characteristic only. Three complete 
sets of test readings shall be taken at 10-min intervals (min- 
imum) during steady state operation and shall consist of the 
following measurements: 

5.11 Stack Temperature Readings. Stack temperature 
shall be an average of at least three readings taken at the 
discharge of a 90 deg elbow. The elbow shall be connected 
to the stack within 1 ft 0 in of the outer casing and shall be 
of the same diameter as the stack and of one diameter radius. 
The readings shall be taken at equally spaced positions on a 
vertical diameter of the discharge opening of the elbow. 

5.12 Heat Exchanger Surface Temperature Measure- 
ments. Surface temperature shall be measured by at least 10 
thermocouples brazed, tack welded, or metal screwed ap- 
proximately 1 ft Oin apart to the hottest sections of the 
combustion chamber. A potentiometer shall be used to 
determine the thermocouple temperature. If the surface is 
visibly red with heat, a calibrated pyrometer may be used to 
determine the surface temperature. At least ten readings 
shall be taken approximtely 1 ft 0 in apart at the hottest sec- 
tions of the combustion chamber. 


5.13 Fan Characteristics. The air characteristics of the 
entire assembled crop conditioner, including fan at each 
one-half-inch increment of static pressure, shall be deter- 
mined in accord with the latest edition of the Standard Test 
Code for Centrifugal and Axial Fans published by the 
National Association of Fan Manufacturers. For purposes 
of this test, the entire crop conditioner, including fan and 
other component parts, shall be substituted for the fans in 
the Standard Test Code Procedure. A copy of the Log Sheet 
Traverse Readings (Plate XIV) and Log Sheet Summary 
(Plate XV) shall be submitted with the necessary data and 
calculations completed. The required measurements are as 
follows: 

(A) Air Volume. Air volume at each one-half-inch in- 
crement of static pressure shall be determined by 
use of a test duct and standard pitot tube as illus- 
trated in Plate I or VII and Plate IX of the NAFM 
code. 

Air Temperatures 

(1) The inlet air temperatures must be recorded at 
each steady state. Readings must be taken near 
the air inlet of the crop conditioner. 
The average outlet air temperatures shall also 
be checked and recorded. Readings by ther- 
mocouples are to be taken in each 36-sq-in seg- 
ment of the test duct or at the location of the 
pilot tube reading points. The thermocouples 
shall be located at a minimum distance of 71 
diameters from the entrance to the test duct. 
Heat loss from the test duct shall be calculated 
in accordance with the current issue of the 
ASHVE Heating, Ventilating and Air Condi- 
tioning Guide. 

Static Pressure. The static pressure shall be deter- 

mined and adjusted as in the NAFM code and shall 

be increased in 14-in w.c. increments from 0-in w.c. 

to static no discharge, and test readings shall be 

taken at steady state at each increment of pressure. 


AGRICULTURAL ENGINEERING for June 1954 


TABLE 2. 


Degrees API 
at 60 F 


CALORIFIC VALUES FOR FUEL OIL* 


Density, 
lb per gal 


24 7.587 
25 7,538 
26 7.490 
ar 7.443 


Btu per Ib 
19,190 
19,230 
19,270 
19,310 


Btu per gal 


145,600 
145,000 
144,300 
143,700 


28 7.396 
29 7,350 
30 7,305 
31 7,260 
32 7,295 


19,350 
19,380 
19,420 
19,450 
19,490 


143,100 
142,500 
141,800 
141,200 
140,600 


33 7,171 
34 7,128 
35 7.085 

7.043 
37 7.011 
38 6,960 
39 6.920 
40 6.879 
41 6,839 19,780 135,200 
42 6.799 19,810 134,700 


“Data from National Bureau of Standards Miscellaneous Publication 
M97 (table 6). 


19,520 
19,560 
19,590 
19,620 
19,650 
19,680 
19,720 
19,750 


140,000 
139,400 
138,800 
138,200 
137,600 
137,000 
136,400 
135,800 


TABLE 3. CORRECTION TO STANDARD API GRAVITY 


AT 60 F* 
Observed 
temp. of 
oil, deg 


F 28 29 30 31 32 33 
50 4. 29.7 30.7 
60 4. " 29.0 30.0 
70 ae of x 26:3 29.3 
80 , ‘ 26. 27.7 28.7 
90 . 3 % 27.1 28.0 
100 26:5 274 
Observed 


temp. of 
oil, deg 


F 34 35 36 37 38 39 40 41 42 
50 34.7 35.7 36.7 37.7 388 39.8 408 41.8 42.8 
60 34.0 35.0 36.0 37.0 38.0 39.0 40.0 41.0 42.0 
70 333 343) 333 362 372 382 392 402 432 
80 32.6 33.6 346 35.5 36.5 37.5 384 39.4 40.4 
90 31.9 32.9 33.8 348 35.8 36.7 37.7 38.7 39.6 
1000 31.3 32.2 33.2 34.1 35.1 36.1 370 379 38.9 


*Data from National Standard Petroleum Oil Table, NBS Circular 
C410 (March 4, 1936). 


Standard Method of Rating Crop-Conditioning Equipment Using 

Heated or Unheated Air with Fans for Forced-Air Circulation 
Data 

Type drier . 

Type heat exchanger. 

Type fuel 

Maximum heat input 

Maximum heat output 


Btu per hr 
Btu per hr 


Operating Characteristics 
Heat 
exchanger 
efficiency, 
percent 


External static 
pressure, 
inches, w.c. 


Fan delivery 
of standard 
air, cfm 


Temperature rise 
through drying 
equipment, deg F 


Power 
bhp 
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5.14 Measurement of Fuel. 


(A) If oil is the fuel being burned, an accurate scale or 
calibrated burette shall be used to weigh the fuel oil 
during the test. The fuel supply lines shall be sus- 
pended free of the fuel container. 


(B) If gas is the test fuel, a calibrated test meter must 
be used. 


(C) If LP gas is the test fuel, either the weight or flow 
method may be used. 


(D) If a solid fuel is the test fuel, the weight method 
must be used. 


5.15 Data on Main Supply Fan and Motor Driving Fan 


(A) The speed (rpm) of the fan assembly and motor 
driving fan is to be measured with a suitable speed 
counter. Tachometer readings will not be acceptable 
unless the instrument has been calibrated and the 
corrections reported with the readings. 


(B) The voltage and amperage being supplied to the 
motor driving the fan is to be measured with cali- 
brated meters so that the actual brake horsepower 
may be determined at each steady state. 


5.16 Fuel Pressure. The pressure of the fuel being 
supplied the burner must be measured with a suitable gage 
at a point between the fuel shutoff valve and burner nozzle. 


5.17 The following test data and readings must be ob- 
tained and recorded: 


DATA ON EQUIPMENT 


Report of test on crop conditioner model............ 

Manufactured by 

Location of test 

Date of test.......... 

Duration of test 

. Fuel-burning equipment 

6.1 Type hee 

6.2 Type ignition : 

6.3 Fuel oil nozzle data 
6.31 Make 
6.32 Rating gph 
6.33 Spray angle ...... deg 
Gas orifice 


6.41 Gas orifice size. diameter 
6.42 Number of orifices... 


PHYSICAL DATA 


Heating surface 
7.1 Prime surface... 
zs 11 Combustion chamber proper... 
7.12 Extended surface affixed to prime surface 
2 Secondary surface...... 
Heat exchanger volume. 
Material of combustion chamber 
9.1 If alloy or stainless steel, report the following: 

9.11 Type number of material... 

9.12 Published scaling temperature we deg F 
Physical properties of fuel (Commercial Standards No. 2 fuel 
oil is to be used whenever possible.) 

10.1 Fuel oil. eee eee Penn Ree 

10.11 Geese heating value. i Btu per gal 
10.12 Gross heating value............. Btu per Ib 
10.13 Viscosity SSU at 100 deg E. 
10.14 API gravity at 60 = P.. eros 
10.15 Flash point... o : deg F 
10.16 Fire point coe ‘ deg F 
10.17 Pounds fuel per gallon. es 


Gas 
10.21 Gross heating value per cubic foot 
10.22 Specific gravity 
Type of solid fuel 
10.31 Gross heating value Btu per Ib 
10.32 Fuel analysis 
(a) Moisture ... percent 
(b) Volatile matter percent 
(c) Fixed carbon percent 
1 ee percent 
(e) Sulphur percent 
(f) Hydrogen percent 
(g) Carbon percent 
(h) Oxygen . percent 
Motor Data 
11.1 Motor nameplate data of calibrated motor at full load 
11.11 Voltage : .. Volts 
11.12 Amperage 
11.13 Horsepower 
11.14 Speed at full load. 
11.15 A duplicate of the calibrated motor curves must be 
forwarded with the test data and results. 
Fan and Blower Data 
12.1 Manufactured by 
12.2 Model ...... 
12.3 Wheel diameter 
12.4 Outlet diameter 
12.5 Type 


Data Sheet 


Readings taken every... minutes after steady state has been reached. 
Readings at inches w.c. static pressure. 
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Date 
Time of readings Time X X+ x+ 
Weight in pounds or cubic 


feet of fuel 
Accumulated weight in 
pounds or cubic feet 
Pressure of fuel at burner 
Stack temperature, deg F 
Air temperature inlet to 
conditioner, deg F . 
Average air temperature 
discharge duct, deg F . 
Volume of standard air, cfm 
Motor data 
21.1 Data as read 
21.11 Volts 
21.12 Amperes 
21.13 Speed (rpm) 
21.14 Horsepower 


Speed of fan (rpm) 


Heating surface temperature 
and locations 
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Calculated Values 
Actual power used by crop conditioner = brake horsepower 
(bhp) from calibrated motor curve. 
Air temperature (deg F) rise over unit = item 19 — item 18. 
Btu input per hour = item 15 X item 10.12, or item 10.31. 
Btu output per hour = item 25 X item 20 = 0.917. 
Btu release per cubic foot of heat exchanger volume = item 
27 = item 8. 


Efficiency of heat exchanger (in percent) = item 27 X 100 
> item 26. 
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NEWS SECTION 
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Marshall New Va. iia 
Chairman 


CNEIL MARSHALL, associate agricul- 

tural engineer, Virginia Agricultural 
Experiment Station, was elected chairman of 
the Virginia Section of the American Society 
of Agricultural Engineers at the Section 
meeting held at Natural Bridge, Va., May 
1. He succeeds U. F. Earp, a member of the 
agricultural engineering staff of Virginia 
Polytechnic Institute. 

Three new vice-chairmen were elected at 
this meeting: James M. Stanley, associate 
agricultural engineer, USDA, stationed at 
VPI; Phelps Walker, drainage engineer, 
and P. W. Stoneburner, sales engineer, At- 
lantic Aluminum Co., Waynesboro. 

The new secretary of the Section is V. 
H. Baker, a member of the VPI agricultural 
engineering staff. He succeeds McNeil 
Marshall. 


A special feature of the meeting, in 


(Left to right) U. 


F. Earp, retiring chairman, Virginia Section, ASAE; McNeil Marshall, 
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ASAE Meetings Calendar 


June 20-23—47TH ANNUAL MEETING, Uni- 
versity of Minnesota, Minneapolis 

August 24-26—NorTH ATLANTIC SECTION, 
University of Vermont, Burlington 


October 14 and 15—PaciFIC NORTHWEST 
SECTION, Davenport Hotel, Spokane, 
Wash. 


December 6-8 — WINTER MEETING, Edge- 
water Beach Hotel, Chicago. 

February 7-9—SOUTHEAST SECTION, Louis- 
ville, Ky. 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


Buchinger, farm service engineer, The De- 
troit Edison Co. 

Three new vice-chairmen of the Section 
were also elected: E. D. Anderson, director, 
agricultural extenrs'on department, Stran- 
Steel Division, Great Lakes Steel Corp.; 


new 


chairman of the Section for the ensuing year; J. M. Stanley and Phelps Walker. newly elected 


vice-chairman. P. W. Stoneburner and V. 


H. Baker, newly elected vice-chairman and secretary, 


respectively, were not present when the picture was taken 


addition to the regular program of technical 
papers, was the presentation of a certificate 
of appreciation to Charles E. Seitz honoring 
him for his contributions to agricultural en- 
gineering both in the state of Virginia and 
nationally. Mr. Seitz retired recently as 
head of the agricultural engineering de- 
partment of Virginia Polytechnic Institute, 
which department he helped organize in 
1922 and which he headed until his retire- 
ment. Mr. Seitz became a member of 
ASAE in 1917 and some years ago was 
honored by the Society with the elevation of 
his grade of membership to that of Fellow. 
He served the Society as chairman of i 
College Division in 1931-32 and as Presi- 
dent in 1932-33. The Society honored him 
with the award of the Cyrus Hall McCor- 
mick Gold Medal in 1951. 


Mich. Section Elects Pfundstein 


[NX AN election conducted by letter ballot of 

its members, the Michigan Section of the 
American Society of Agricultural Engineers 
recently elected K. L. Pfundstein, manager, 
agricultural engineering division, Ethyl Cor- 
poration, as the new chairman of the Section 
for the 1954-55 year. He succeeds W. G. 
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H. M. Gitlin, research engineering division, 
Tractor and Implement Division, Ford Mo- 
tor Co., and Carl W. Hall, associate profes- 
sor of agricultural engineering, Michigan 
State College. 

The new secretary-treasurer of the Section 
is R. L. Maddex, extension agricultural en- 
gineer, Michigan State College, and the new 
Nominating Committee consists of Chris 
Nyberg (chairman), C. B. Richey, and W. 
H. Sheldon. 

The above-named officers took office fol- 
lowing the Section’s spring meeting on 
May 8. 


Ohio Section Meets at Coshocton 


O’ MAY 15 the Ohio Section of the 

American Society of Agricultural Engi- 
neers held its spring meeting at the research 
station of the U.S. Soil Conservation Service 
at Coshocton, Ohio. The forenoon was de- 
voted to an inspection of the equipment for 
obtaining hydrologic research data at the 
station, conducted by the station supervisor, 
Lloyd L. Harrold. This was followed by an 
inspection of a contour fence experiment 
conducted by Paul G. Strom, American Steel 
and Wire Division, U.S. Steel Corp. 

The afternoon was given over to a tech- 
nical program which opened with a talk by 
Mr. Harrold on a research study of water 
and the land. Virgil Overholt, agricultural 
engineer, Ohio State University, talked on 
the potential irrigated lands of Ohio. He 
was followed by W. S. Breon, PBF Farm, 
who talked on his practical experience in 
field irrigation of potatoes and strawberries. 
The concluding number on the program was 
a talk on Ohio's potential water supplies for 
irrigation domestic use and industry by a 
representative of the Ohio Department of 
Natural Resources. 

The Ohio Section has issued notice of a 
joint meeting of the Ohio and Michigan 
Sections on Nov. 19 and 20 at Columbus. 


(News continued on page 426) 


Group in attendance at the ASAE Michigan Section meeting held May 8 in the agricultural engineer- 
ing building on the Michigan State College campus at East Lansing 
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Lock-type bushings that as- 
sure free articulation—un- 
der continuous shock and 
impact—are just one of 
Link-Belt Roller Chain’s 
engineering extras. Here 
this precision chain is used 


No partial 

bearing here 
bushing fits 
securely 


on a forage harvester that 
can be easily converted for 
cutting or chopping corn. 


a 
Re 


VENT ae. 


get the roller chain 


with built-in extra life 


LINK-BELT offers the chain 
that’s right for every job 


| rhe the really tough drive or conveying jobs, 
your best buy is Link-Belt Precision Steel Roller 
Chain. No other chain offers you such engineering 
extras as shot-peened rollers . . . lock-type bushings 
. . . Closer heat treat control. They're your assur- 
ance of longer life under high speeds, heavy loads, 
continuous shock and impact. 


Remember, too, Link-Belt builds a complete line 
of agricultural chains and sprockets. You get the 
chain that’s best-suited to your exact drive or con- 
veying requirements. 


For all the facts on standard and double pitch 
roller chain, ask for Data Book 2457. And for 
information on the rest of the complete chain line, 
see your Link-Belt representative. 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago 1. To Serve Industry There Are Link-Belt Plants and 
Sales Offices in All Principal Cities. Export Office, New York 
7; Canada, Scarboro (Toronto 13); Australia, Sydney; South 
Africa, Springs. Representatives Throughout the World. 


> - 
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No one chain serves every purpose... get the RIGHT one from Link-Belt’s complete line 


Steel Link-Belt for moder- 
ate-strength power trans- 
mission and conveying. 
Also available in malleable. 


Class 400 Pintle chain— 
cast links with closed pin 
joint, for light conveyor, 
elevator or drive duty. 


AGRICULTURAL ENGINEERING for June 1954 


Double-Pitch Precision 
Steel Roller Chain, for 
conveyor, power transmis- 
sion applications. 


Precision Steel Roller 
Chain, standard pitch, 
combines high horse- 
power with light weight. 


Complete Link-Belt 
sprocket line includes 
single and multiple width 
sprockets. 
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NEWS SECTION 


(Continued from page 424) 


R. M. Section Elects Israelsen 


A’ ITS yearly meeting in April on the 
campus of the Colorado A. & M. Col- 
lege at Fort Collins, the Rocky Mountain 
Section of the American Society of Agri- 
cultural Engineers elected Orson W. Israel- 
sen, professor of irrigation and drainage, 
Utah State Agricultural College, as chair- 
man of the Section for the ensuing year. 
He succeeds J. W. Borden, vice-president in 
charge of sales, Eversman Mfg. Co. 

The Section also elected as the new 
vice-chairman, Eldon G. Hanson, head, 
agricultural engineering department, New 
Mexico A. & M. College. Norman A. 


Group attending ASAE Rocky Mountain Section meeting in April. 
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(Left to right) O. W. Monson, 


Montana State College; J. W. Borden, chairman, Rocky Mountain Section; E. W. Tanquary, pres- 
ident ASAE; D. F. Peterson, head, civil engineering department, Colorado A. & M. College; J. E. 


Christiansen, 


dean of engineering, Utah State Agricultural College, and E. G. Hanson, head, 


agricultural engineering department, New Mexico A. & M. College 


Mountain Section at Fort Collins, Colo., April 2 and 3 


Evans, assistant professors of civil engineer- 
ing and assistant irrigation engineer, Colo- 
rado A. & M. College, was re-elected secre- 
tary and treasurer of the Section. S. H. 
Daines, head, department of agricultural 
engineering, Utah State Agricultural Col- 
lege, was elected program chairman for the 
1955 meeting which will be held on the 
campus of UAC at Logan. 

About sixty members and friends of the 
Section attended the meeting, the program 
of which featured a variety of papers de- 
voted to agricultural engineering. 

E. W. Tanquary, president of ASAE, 
was the principa! speaker at the Section 
dinner. As an entertainment feature of the 
dinner, which proved highly entertaining, 
was a skit presented by Ivan D. Wood and 
Guy O. Woodward on how not to present a 
technical paper. 


Chicago Section Meeting at 
Milwaukee 


Shanes Chicago Section of the American So- 

ciety of Agricultural Engineers picked 
Milwaukee for its meeting on May 17. The 
feature of the meeting was a tour of the 


plant of the A. O. Smith Corp. in Milwau- 
kee, who manufacture the Harvester silo. 
Following a program of talks by four mem- 
bers of the A. O. Smith organization, the 
group toured the plant to witness many 
interesting phases of the company’s manu- 
facturing operations, concluding with a visit 
to the exhibit hall where the many products 
made by the company were on display. 


Has a Good Spring 
Meeting 


“[ HE Pennsylvania Section of the American 

Society of Agricultural Engineers held its 
spring meeting April 1 and 2 in the Agri- 
cultural Engineering Building on the Penn- 
sylvania State University campus with an 
attendance of nearly 75. The program 
touched on all phases of agricultural engi- 
neering and included timely subjects which 
created considerable interest among those 
who attended. The subjects included the 
latest methods in forage handling, infrared- 
lamp fire hazards, pole-frame farm build- 
ings, tests on tank milk coolers, side- 
delivery rakes, a water shed study, and a 
panel discussion on irrigation. Also a skit 
showing the value of well-planned motor 
control was presented. At the conclusion 
of the program, the group visited Penn 
State’s new dairy barns to inspect types of 
construction and equipment arrangements 
used. 

At the business session of the meeting, 
the Section selected Allentown, Pa., as the 
place for its fall meeting. 


Oklahoma Section Spring 
Meeting 


HE spring meeting of the Oklahoma Sec- 

tion of the American Society of Agricul- 
tural Engineers, with over 70 members and 
friends of the Society in attendance, was 
held April 29 and 30 at the Sunnyside Home 
Demonstration Club Building on the Barnitz 
Creek Watershed at Clinton, Okla. 


Following a social get-together on the 
(News continued on page 428) 


This picture shows members and friends of the ASAE Pennsylvania Section on tour through the 
new dairy barns on the Penn State campus during the Section meeting in April 
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THE MAIN FRAME MAKES A DIFFERENCE 


There is a difference in crawler tractor performance 
today — that’s why more and more Allis-Chalmers 
tractors are being used for conservation as well as 
all other heavy earth-moving jobs. 


With Allis-Chalmers tractors, the difference 
starts with the box A main frame — a one-piece, 
all-steel welded structural member (like the girders 
on a bridge or the columns in a building). 


Here are some of the advantages this main 
frame offers under actual job conditions: 


DOZING OUT STUMPS AND BOULDERS — All-steel 
main frame flexes slightly under extreme shock loads 
. . . without transmitting strain to engine, clutch or 
transmission. 


TR 


ON CONSERVATION JOBS 
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ACTOR DIiVIisStoOn 


EXCAVATING . . . LOADING — This frame’s compact- 
ness provides ample clearance for equipment like 
front-end shovels . . . permits wide track shoes... 
improves performance of entire unit. 

CLEARING RCUGH LAND — Box A-frame allows loca- 
tion of main components for best over-all balance . . . 
putting more weight lower in tractor where it does 
the most good. 

SERVICE SIMPLICITY — Since main frame carries 
structural load, engine, clutch, transmission, steering 
clutches, final drive shaft and gear can be removed 
without disturbing adjacent parts. 


Write for booklet “Rural Jobs” describing the use 
of earth-moving equipment in conservation work, 
or see these machines and their advantages first- 
hand at your nearby Allis-Chalmers dealer. 
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evening of April 29, the program for the 
forenoon of April 30 opened with a talk on 
the application of soil mechanics to the de- 
sign of small earth dams by Ray Means, 
department of architecture, Oklahoma A. & 
M. College. He was followed by Homer R. 
Carlson, territory manager of International 
Harvester Co., who discussed the subject of 
earth-moving equipment. 

Following luncheon, the afternoon pro- 
gram opened with a paper on the subject of 
upstream flood prevention by Howard Mat- 
son, head of the engineering and watershed 
planning unit, U.S. Soil Conservation Serv- 
ice, Fort Worth, Tex. Following Mr. Mat- 
son's talk, the remainder of the afternoon 
was devoted to a tour to observe various 
phases of construction work involved in the 
building of detention reservoirs on the Bar- 
nitz Creek Watershed. 

Glenn Beacham of the SCS Flood Preven- 
tion Project at Clinton was chairman of the 
local arrangements committee and was as- 
sisted by several of his co-workers, by the 
Clinton Chamber of Commerce, and by the 
Sunnyside Home Demonstration Club. 


OAC to Have Professional AE 
Cnrriculum 


pet arrangements have been completed 
for establishing a professional curriculum 
in agricultural engineering at the Ontario 
Agricultural College, Guelph, Canada, ac- 
cording to announcement received from C. 
G. E. Downing, head of the OAC agricul- 
tural engineering department. This includes 
an arrangement with the School of Applied 
Science and Engineering at the University 
of Toronto where students will receive their 
engineering degree, B.A.Sc. This arrange- 
ment calls for a five-year program to provide 
adequate training in agricultural engineering. 

Students desiring to enroll in the agricul- 
tural engineering curriculum will register at 
OAC and take the first two years of the 
course common to all students. In the third 
year they will enroll in the agricultural en- 
gineering option and at the end of the 
fourth year receive a B.S.A. degree in agri- 
cultural engineering. During their four 
years at Guelph, they will be given all the 
basic mathematics, physics, biological sci- 
ences, and basic engineering courses which 
qualifies them for registration in the fourth 
year of engineering at the University of 
Toronto. 


ECPD Survey on Awarding 
Professional Degrees 


‘THE Recognition Committee of Engineers 

Council for Professional Development 
(ECPD) recently completed a survey of the 
awarding of the professional degree by vari- 
ous engineering educational institutions. A 
total of 146 questionnaires were mailed, of 
which 142 were returned. 

Of the engineering schools surveyed, 86 
award the professional degree while 62 do 
not. Of the 86 awarding the degree, 74 use 
professional experience as a basis for award- 
ing the degree, 8 require resident graduate 
study and 4 include both professional ex- 
perience and resident graduate study as 
prerequisites for awarding the professional 
degree. 

Concerning future plans for the profes- 
sional degree, 69 colleges will continue 
awarding it, 2 will institute the degree, 13 


AGRICULTURAL ENGINEERING for June 1954 


All Roads Lead to Minneapolis for the ASAE 47th Annual 
Meeting June 20-23, 1954 


“ALL ROADS LEAD TO MINNEAPOLIS” was the theme of the 


agricultural engineering students’ float (shown in this picture), wel- 

coming members and friends of the American Society of Agricultural 

Engineers to the Society’s annual meeting, June 20 to 23 on the campus 

of the University of Minnesota at Minneapolis. The float made its 

appearance in the E (Engineers’) Day parade, a traditional celebration 
of Minnesota’s engineering students 


will abandon it, 49 will continue not to 
award it, and 17 are uncertain as to future 
plans. The survey shows that approximately 
one-fifth of the schools offering the profes- 
sional degree have either dropped it or are 
making plans to do so. 

The survey also shows an increase of ap- 
proximately 80 percent in the awarding of 
professional degrees in the last five years as 
compared with the previous five-year period. 
In the last 10 years, 1387 to 1398 profes- 
sional degrees have been awarded, and of 
these, 917 to 922 have been awarded during 
the last five years. 

The ECPD Recognition Committee be- 
lieves the survey to be the most comprehen- 
sive of its type ever undertaken and will use 
it in formulating recommendations on the 
practice which they believe should be fol- 
lowed in respect to awarding the profes- 
sional degree as a means a professional 
recognition of engineers. 


NFEC Officer Elections 


A’ A recent meeting in Chicago of the 

Steering Committee of the National 
Farm Electrification Conference, Karl H. 
Runkle, manager of industry sales, apparatus 
sales division, General Electric Co., was 
elected chairman of the Conference for the 
ensuing year. 

Also elected were H. D. Newsom, master 
of The National Grange, and W. J. Ridout, 
Jr., editor of “Electricity on the Farm,” as 
vice-chairmen. Russell J. Gingles, farm di- 
rector of the National Electrical Manufac- 
turers Association, was re-elected secretary. 
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The organization's 8th annual conference 
will be held in Schenectady, N. Y., on 
November 11 and 12. 

NFEC is an organization of 26 groups 
having a particular interest in improving 
living standards and reducing costs through 
more efficient and economical use of elec- 
tricity. American Society of Agricultural 
Engineers is one of its member organizations. 


Grassland Committee Activity 


URING this past year the Joint Com- 

mittee on Grassland Farming, according 
to its secretary, Z. W. Craine, has published 
and distributed extensively the ‘“‘Grassland- 
Livestock Handbook,” and now has in prep- 
aration a new booklet “The Economics of 
Grass Silage.” 


The Joint Committee is sponsoring a 
grassland field day at State College, Pa., 
June 21, in cooperation with American 
Dairy Science Assn., American Society of 
Animal Production, and Pennsylvania State 
University. 

This year’s annual meeting of the Joint 
Committee will be in conjunction with a 
meeting of the Soil Conservation Society of 
American which will be devoted to a tour 
in South Georgia and North Florida. The 
dates are November 12, 13, and 14. 

The American Society of Agricultural 
Engineers is one of the cooperating mem- 
ber organizations of the Joint Committee, 
on which its official representative is W. C. 
Krueger, extension agricultural engineer, 
New Jersey College of Agriculture. 
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He has part of the hay... 
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By the time farmers get field-dried hay into the barn, they 
may lose enough of its food value to make the difference 
between profit and loss. One or all of these things are 
usually to blame: 


— Late harvest, because of bad weather, after the hay 
has reached its maturity 


— Loss of valuable leaves when the hay gets too dry 
in the field 


— Field spoilage due to rain damage 


Even when the crop is stored, there’s a chance of com- 
plete loss from spontaneous combustion caused by improper 
drying. 

The way to avoid these hazards is to mechanically dry 
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hay as well as corn and small grain. With a portable crop 
dryer, farmers can cut the crop when leaves are rich and 
full. Then, while the hay is still in top condition, it can be 
dried and stored in a steel building. This means the crop 
is preserved in its most palatable and profitable form. 


Farmers also profit by making sure that Armco Stainless 
Steel and ALUMINIZED Steel are used in the drying equip- 
ment they buy. These special steels reflect heat for greater 
efficiency, resist heat damage for longer life. In farm 
buildings, rust-resisting Armco ZINCGRIP provides low-cost 
storage facilities perfect for mechanical drying. 


Mail the coupon below for further information on drying 
methods and equipment. 


Armco Steel Corporation 
284-A Curtis Street, Middletown, Ohio 
Please send me: 


information on modern hay-drying methods 


names of crop dryer manufacturers 


r . . 
names of steel building manufacturers 


Nome 


Address 


Portable crop dryer on steel building dries hay to the right moisture content, preserves 
as much as 25% more food value. Steel buildings are easy to erect, firesafe, weathertight. 


ARMCO STEEL CORPORATION 


MIDDLETOWN, OHIO + THE ARMCO INTERNATIONAL CORPORATION, WORLD-WIDE 
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NEWS OF ASAE MEMBERS 


Roy B. Gray, head of the Farm Machinery 
Section of the Agricultural Engineering Re- 
search Branch of ARS, retired May 31 after 
29 years of service in 
the U.S. Department 
of Agriculture. 

A native of Iowa, 
Mr. Gray graduated 
from lowa State Col- 
lege in 1909 with a 
B.S. degree in elec- 
trical engineering and 
obtained a B.S. in 
agricultural engineer- 
ing in 1910. He also 
obtained a professional 
degree in agricultural 
engineering in 1931 at 
his alma mater. 

For the period 1910 
to 1920, Mr. Gray was associated with the 
International Harvester Company, conduct- 
ing experimental work on tractors, which 
took him to Canada, England, Germany, 
France, Austria, Rumania, Italy, and South 
Africa. Included was his work in 1916-17 
as head of a tractor assembly depot and a 
military tractor school in England, and in 
1918 as technical advisor to the British 
Army on agricultural tractors in France and 
to the Italian Army in Italy. 

From 1921 through 1924, Mr. Gray 
headed the agricultural engineering depart- 
ment of the University of Idaho. He joined 
the USDA agricultural engineering staff in 
1925 and began work on experimental fer- 
tilizer placement machinery. 

Mr. Gray's first major work in the USDA 
extended from 1927 to 1931 as a result of 
the invasion of the European corn borer. In 
this field he directed borer control work as 
it involved research and design of machines 
used in destruction of the pest. This in- 
cluded special plows and flame machines 
and methods of their use. The control plan 
called for widespread organization and co- 
operation between various federal agencies, 
the states, and Canada. 

Mr. Gray was made head of farm ma- 
chinery and equipment research in 1931 
when agricultural engineering was given 
separate bureau status. In this capacity he 
directed the work leading to the planning 
and establishment of the USDA Tillage 
Laboratory at Auburn, Ala., and the Pest 
and Plant Disease Control Laboratory at 
Toledo, Ohio. In addition, he led experi- 
mental work in the development of ma- 
chines for the harvesting and handling of a 
number of special crops. 

During 1936, Mr. Gray spent several 
months in Europe, observing progress in 
European farm machinery and farm electri- 
fication in seven different countries. 

Mr. Gray is the author and co-author of 
several USDA circulars and bulletins of a 
technical and semi-technical nature, con- 
siderable material for the USDA yearbooks, 
technical papers and articles for Encyclo- 
pedia Britannica. 

A member of ASAE since 1920, he was 
chairman of its Power and Machinery Divi- 
sion in 1933-34 and of the Washington, 
D.C., section in 1941. He has also served 
on several technical committees of Farm 
Chemurgic Council, American Society for 
Testing Materials, Agricultural Insecticide 
and Fungicide Association, and farm equip- 
ment requirements of the Marshall Plan as 
an ECA appointee in 1948 to a farm ma- 
chinery mission to study such needs in ten 
European countries. He has been a con- 


Roy B. Gray 


sultant to technical committees of the Amer- 
ican Farm Bureau Federation and _ the 
American Petroleum Institute. He served 
in 1942 on the USDA interbureau commit- 
tee to determine farm machinery needs. 

In 1949 Mr. Gray’s services to French 
agriculture were recognized by the French 
government which conferred on him the 
decoration of “Officer du Merite Agricole.” 
In 1950 Mr. Gray was awarded the John 
Deere gold medal by the ASAE for his 
contributions toward development and prog- 
ress in agricultural machinery and equipment. 


T. Harold Welch has resigned as senior 
engineer in FHA to become sales manager 
for C. Starkweather and Son, Inc., lumber 
dealers and contractors, at Beaver Dam, Wis. 


George McConeghy, Jr., recently joined 
the product engineering department at the 
McCormick Works of International Harves- 
ter Co. He was formerly in the employ of 
the New Idea Division of Avco Corp., at 
Coldwater, Ohio. 


Joseph F. Schaffhausen, agricultural con- 
sultant, announces opening of general of- 
fices at Irvington-on-Hudson, N. Y., where 
a competent staff has been set up to serve 
the needs of clients in product testing and 
development, sales management and _train- 
ing, public relations, and all phases of agri- 
cultural engineering. Test farms to serve the 
organization are located in Pennsylvania, 
Nevada, and Quebec, Canada. 


Lowell Stoddard, who has been operat- 
ing his own tractor sales organization, at 
Decatur, Ala., is now manager of the Hanna 
Tractor Co., at Birmingham. 


Harry M. Meinert is on leave as junior 
project engineer at the John Deere Planter 
Works of Deere & Co. to enter the armed 
services. 


Robert G. Light, who has been employed 
as a junior engineer of the Oliver Corp., 
York, Pa., recently resigned having been 
ordered to active duty with the armed 
services. 
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James H. Whitaker, formerly a member 
of the agricultural engineering staff of the 
University of Connecticut, some months ago 
accepted an appointment with the Foreign 
Agricultural Service, USDA, and was as- 
signed to the Department of Agriculture at 
Bihar, India. His work at present involves 
improving the tractor loaning scheme and 
later it is expected to include some develop- 
ment, promotional and educational work 
with improved implements for the small 
farmer. 


John H. Zich, formerly manager of the 
implement sales department, has recently 
been advanced to chief engineer in charge of 
harvesting equipment, of the Tractor and 
Implement Division, Ford Motor Co. 


Osgood Murdock, formerly owner and 
editor of “Western Farm Equipment,” pub- 
lished many years under the name “Imple- 
ment Record,” has disposed of his interests 
in the publication, but continues his duties 
as secretary of the Tractor and Implement 
Club of the San Francisco Bay area. 


Irvin W. Fahr recently completed a tour 
of duty in the armed forces, and is now in 
the engineering department at the John 
Deere Waterloo Tractor Works. 


H. Allen Nitshke is now in the tire de- 
velopment department of the Goodyear Tire 
and Rubber Co. He was formerly research 
engineer with the Butler Mfg. Co. 


Richard F. Dudley has resigned as as- 
sistant agricultural engineer, Mississippi 
Agricultural Experiment Station, to engage 
in business with the Mount Ulla Flour 
Mills, Inc., at Mount Ulla, N. C. 


Max H. Ririe, formerly project engineer, 
Niagara Chemical Division, Food Machinery 
and Chemical Corp., is now employed as 
key engineer on combines in the engineering 
department of the J. I. Case Co., Betten- 
dorf, Iowa. 


Donald E. Clark, recently employed in 
the Munitions Division of Massey-Harris 
Co., Port Credit, Ontario, resigned to ac- 
cept employment on the agricultural engi- 
neering staff of Ontario Agricultural Col- 
lege, Guelph. 


NECROLOGY 


Arthur H. Hemker, manager of farm in- 
dustries sales, General Electric Co., passed 
away on May 22 while attending the 25th 
reunion of the Class of 1929, of which he 
was president, at Kansas State College. 

Following graduation, Mr. Hemker 
joined General Electric on the test course at 
Schenectady and worked in the turbine, 
motors and control departments. He later 
transferred to rurai electrification in Sche- 
nectady and was in the company’s office in 
Chicago from 1931 to 1933. After three 
years as a consulting engineer and five years 
as an industrial engineer for a utility com- 
pany, he returned to General Electric in 
1941 in the central station department, rural 
electrification section. He joined the farm 
industries division when it was formed in 
1945 and was named manager of farm in- 
dustries in 1948. 

Mr. Hemker received a Kansas State schol- 
arship award in 1926, was a member of 
Scabbard and Blade in 1928 at Kansas State 
and of Phi Mu Alpha music fraternity. He 
was a member of Theta Xi and Sigma Tau. 

Mr. Hemker was a past-chairman of the 
North Atlantic Section of the American So- 


ciety of Agricultural Engineers, and during 
the period of his membership in ASAE, 
which began in 1941, he had been active on 
a number of its committees, particularly in 
the rural electrification field. 

He was serving this year as program 
chairman of the National Farm Electrifica- 
tion Conference, the annual meeting of 
which is scheduled to be held in Schenectady 
in the fall. He was also chairman of the 
industry advisory committee of farm elec- 
trification research to the U.S. Department 
of Agriculture. He was also a member of 
the American Institute of Electrical Engi- 
neers, and in local activities had served as 
president of the Elmer Avenue and City 
Parent Teacher Association and was also a 
scoutmaster. He was a member of the Mo- 
hawk Club and the Mohawk Golf Club. 

Mr. Hemker is survived by his wife, 
Mrs. Leah Clark Hemker; a son, Arthur, 
Jr., both of Schenectady; his parents, Mr. 
and Mrs. Fred Hemker, Great Bend, Kan- 
sas; a sister, Mrs. Elfrieda Geil, and four 
brothers, Herbert H., Walter D., Willard 
S., and Karl M., as well as several nieces 
and nephews. 
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AEROQUIP SELF-SEALING 
COUPLINGS PROVIDE 


CONNECTS AND DISCONNECTS PRESSUR- 
IZED LINES . . . Aeroquip self-sealing couplings 
may be connected and disconnected by hand even 
when hydraulic lines are fully pressurized. There is 
no loss of fluid upon disconnection. No air enters the 
fluid system upon reconnection. 


FOR ALL HYDRAULICALLY 
OPERATED FARM EQUIPMENT 


oi 


EASY TO CLEAN .. . when disconnected, each 
half of the Aeroquip self-sealing coupling presents 
a smooth, easy-to-wipe valve face. There are no 
depressions where dirt can lodge and enter the 
hydraulic system. 


Add to the efficiency, flexibility, and performance of 

your hydraulic farm equipment. Aeroquip self-sealing 

couplings permit quick changing of mounted tractor 

tools such as front-end loaders, tool bars, mowers, 

plows and cultivators. Also used on trailing tools such . « « only the Aeroquip self-sealing coupling can 
as discs, grain drills, and hydraulically operated farm mate with the Aeroquip breakaway —original equip- 
wagons. New low prices. Get the details! ment on most farm tractors. 


MATES WITH THE AEROQUIP BREAKAWAY 


o 


= \er OQuUuID 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: Burbank, Calif. ¢ Dayton, Ohio » Hagerstown, Md. © High Point, N.C. « Miami Springs, Fla. « Minneapolis, Minn 
Portland, Ore. « Van Wert, Ohio « Wichita, Kan. « IN CANADA: Prenco Progress and Engineering Corporation Ltd., Toronto 
IN ENGLAND: Super Oil Seals & Gaskets, Ltd., Birmingham 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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Power to spar 


it’s there, with a Le Roi heavy-duty engine 


Le ROi builds only heavy-duty en- 
gines — specializes in licking the 
tough power jobs. 


Le Roi valve-in-head engines are 
the most powerful in the medium- 
speed, heavy-duty class — yet they 
are compact, and call for relatively 
low investment. They have the 
weight and stamina it takes to stand 
the punishment handed out to field 
equipment. They have famous Le 
Roi advanced-design features that 
mean dependability, economy, and 
quick field maintenance. 


That’s why you find Le Roi en- 


A typical construction-machinery appli- 
cation — a Le Roi heavy-cuty engine 
powering a Barber-Greene loader. 


LeRoi's conservative 


‘rating puts plenty of 
power in reserve to 
handle the heavy loads 


gines of so many makes of oilfield 
equipment, construction equipment, 
industrial machinery, and agricul- 
tural equipment. 


Look to Le Roi, for your power 
requirements. Le Roi is your best 
power buy—whether you're getting 
new equipment or replacement en- 
gines, of whether you're looking 
for an efficient power plant for the 
equipment you've designed. Le Roi 
has a full range of sizes from 15 to 
635 hp. — for gasoline, natural 
gas, butane. 


Write for latest bulletins. 


A Subsidiary of Westinghouse Air Brake Co. 
MILWAUKEE 14, WISCONSIN 


Plants: Milwaukee ® Cleveland — Greenwich — Dunkirk, Ohio © Coldwater, Michigan 
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NEW BOOKS 


The Flood Control Controversy, by Luna 
B. Leopold and Thomas Maddock, Jr. Cloth 
xiiit278 pages, 6x9 inches. Indexed. The 
Ronald Press Co. (15 East 26th St., New 
York 10, N. Y.) $5.00. 

Subtitled “Big Dams, Little Dams, and 
Land Management,” this book sponsored by 
the Conservation Foundation aims to present 
and clarify the facts on floods and flood 
control as a step toward reconciling differ- 
ences of opinion which result in more con- 
troversy than control. Part I presents “The 
Flood Control Problem,” in terms of The 
Area of Conflict, The River Flood Plain, 
Administrative Elements of a Flood Control 
Program, Engineering Measures for Flood 
Control, Land Management and The Con- 
troversy. “Downstream Programs for Flood 
Control.’” Part II is discussed in chapters 
on Flood Control Plans and Their Develop- 
ment and Problems Connected with Down- 
stream Programs. In Part III, “Upstream 
Programs for Flood Control,”’ chapters deal 
with The Project Plan, Proposals for Up- 
stream Work and Problems Connected with 
Upstream Programs. Part IV, “Beyond the 
Controversy,” discusses Roadblocks to Prog- 
ress and presents a Summary and Interpre- 
tation. 


History «f American Industrial Science, 
by Courtney R. Hall. Cloth xix + 453 
pages. Indexed. Libtary Publishers (8 W. 
40th St., New York 18, N. Y.) $4.95. 

Engineers will be generally in sympathy 
with the announced purpose of this work: 
“to help make the general public aware of 
the need for the continued improvement of 
our industrial system, along the lines of 
greater productivity and efficiency, and into 
new lines of helpful development, and to 
tell the story in terms which most people 
can understand.” While agricultural engi- 
neers are not mentioned as such, the im- 
portance of engineers and engineering to 
agriculture is presented briefly in connection 
with the record of progress in farm mechan- 
ization, rural electrification, soil and water 
control, and related developments. Chapter 
headings are: From the Beginning, Enter the 
Industrial State, Transportation in the 
Twentieth Century: Land and Water, Trans- 
portaton in the Air, The New World of 
Chemicals, The Electrical and Communica- 
tions Industries, Modern Mining and Metal- 
lurgical Industry, The Non-Metallic Min- 
erals, Rubber and Rubber Products, Pulp, 
Paper and Print, Feeding, Cleaning and 
Clothing the Millions, Precision in Amer- 
ican Industrial Science, Industrial Science 
and National Defense, and A Year of In- 
dustrial Science: Conclusion. 


How to Operate Excavation Equipment, 
by Herbert L. Nichols, Jr. Cloth, viii +150 
pages, 6% x9'% inches. Illustrated. North 
Castle Books (Greenwich, Conn.) $2.50. 

Here is a guide for operators of excavat- 
ing equipment, written by an experienced 
operator and contractor, with a view to 
serving the additional purpose of helping 
“sidewalk superintendents’ understand what 
they see. It deals in terms of methods of 
application, and handling various types of 
jobs, rather than the variable details of 
starting and running various makes and 
types of machines. Chapters cover Revolving 
Shovels, Conveyor Machinery, Tractors and 
Dozers, Tractor Loaders, Hauling Units, 
Graders and Rollers, and Other Work. 
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Twine trouble—and the rain beat them to the barn. 


For want of good twine the crop was lost... 


HEN the hay is ready to come in, delays in 

baling add up to more than personal in- 
convenience. Just one hour lost in the field can 
lose you hundreds of dollars in feed value leached 
away by a sudden rain. And a poor grade of 
baler twine that snags, snarls or breaks can do 
the damage. 


What makes a “good” twine? Your best twine 
is made from the choice fibers of agave sisalana, 
the true sisal plant which grows in East and West 
Africa, Haiti and Brazil. Such fibers are hard and 
tough for strength, flexible for smooth, fast knotting. 
Yet these natural qualities can be lost through poor 
curing. So twine specialists grade fiber twice; once 
when it’s bought at the source and again when it 
reaches the mill. 


In manufacture, the fibers are blended and combed 
into alignment through “‘pin-fields.’’ Then spinning 
jenneys twist them into twine. If the twist is too 
tight, the fibers will cut each other when pulled... 


if too loose, they'll slide apart. In either case, you 
get a low breaking point. 


Uniformity saves you money. You buy twine by 
the pound, but use it by the foot. A thin twine will 
give you more feet per pound, but it’ll break in 
your baler. A thick twine may be strong, but it 
gives you too few feet per pound. Good twine gives 
you both length and strength to tie more tons of 
hay per bale of twine without breakage. 


As builder of the first automatic twine-tie balers, 
New Holland leads in experience in the manufac- 
ture of baler twine. Count on New Holland for 
good twine that means fast baling. The New Holland 
Machine Co., a subsidiary of The Sperry Corp. 


Certified Baler Twine 


New Holland Baler Twine is certi- 
fied by the U. S. Testing Co., an 
independent testing laboratory, to 
meet rigid specifications of length, 
uniformity, strength. Look for the 
Seal of Approval on every bale. 


New Hout.anp § ‘fist in Grassland Farming” 
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NEW Catarscs 


New Sprocket Catalog 
Cullman Wheel Company, 1344 West 
Altgeld St., Chicago 14, Il., will send on 
request to interested readers copies of its 
bulletin No. 184 presenting up-to-date in- 
formation on its Gripmaster sprockets, flex- 


<g rgaaryuair sett Ag A ORE 


ccenapemuneeaney 


ible couplings and steel weld-on hubs. The 
catalog features sections on uses, advantages, 
adaptability and flexibility of the Grip- 
master interchangeable bushing system. A 
list of authorized distributors of Cullman 
products is also included. 


Torque Converter Cooler Catalog 


Young Kadiator Co., Racine, Wis., and 
Mattoon, Ill., will send on request to inter- 
ested readers a copy of its catalog No. 1054 
illustrating the Young torque converter 
line of coolers which are engineered for 
any mobile or stationary application from 
100 to 600 hp, for oil-to-air or oil-to-water 
cooling of power equipment, using straight 
hydraulic or hydraulic and mechanically 
clutched transmissions. The catalog covers 
specifications, cooling ¢apacities, dimensions 
and product features, including model illus- 


trations and cutaway views. 
ce / New Type Wheel Rake 


New Idea Farm Equipment Co., Cold- 
water, Ohio, has introduced a new type 
of wheel rake with power-driven raking 
wheels. Unlike conventional wheel rakes, 


, in which the raking wheels are driven by 
COMPLETE HYDRAULIC BALANCE ... the exclusive DUAL- ground contact, this new rake is powered 
VANE Design provides and assures complete balance of all by a live axle driven by the ground wheels. 
hydraulic pressure loads. You get continuous, maintenance-free 
operation with increased efficiency at all pressures. 


INCREASED OUTPUT... machine efficiencies can be increased 


by 2000 psi pump operation without change of other standard 
components in the hydraulic system. 


CARTRIDGE CONSTRUCTION ... all pumping parts that move 


are contained within an easy-to-install cartridge. Pump output 


can be altered by changing cartridge; servicing is simplified 
and machine down-time reduced. 


ECONOMY ... the low initial cost and the 2000 psi premium 


performance of DUDCO PF-100 Pumps can double the value of 
your hydraulic dollar. 


Write for DUDCO Bulletin No. DP-302. You'll get the 


The power is transmitted from the live axle 
facts on the new PF-100 Series Pumps. 


to a series of jack shafts which drive the 


five raking wheels. The raking wheels can 
be individually adjusted to float over the 
U ¢ o ground thereby avoiding much of the dirt 
D IVISI 0 N and debris picked up by conventional models 
requiring ground contact. The hitch on 
T H E N E W Y 0 R A A | R B x A K E C 0 M P A N Y the New Idea rake has a vertical adjustment 
of 16 inches. It can be connected by a 
hitch pin to any tractor drawbar at the 
1707 EAST NINE MILE ROAD © HAZEL PARK> MICH. seiatat haleiit tee dual gullectanece. 
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Multiple V-Belt Drive 


Manhattan Rubber Division, Raybestos- 
Manhattan, Inc., Passaic, N. J., has intro- 
duced what it believes to be a completely 
new concept of power transmission which 
it calls the Poly-V Drive, which is a single, 
endless rubber belt with a series of parallel 
V ribs molded lengthwise around the inside 
circumference and has an_ uninterrupted, 


high-strength member of synthetic cords 
across its entire width. The Poly-V sheave 
grooves are designed to mate precisely with 
the belt ribs, and since the belt covers 
the full width of the drive member (not an 
assembly of several V belts), the load is 
distributed equally over the entire driving 
surface. This provides twice the contact 
area of comparable multiple V-belt appli- 
cation. 

The design features of the Poly-V drive 
reduce face pressure one-half, giving longer 
life to belt and sheaves. Also, the full drive 
width and the total traction surface con- 
tact prevents belt turnover and progres- 
sive sinking in sheave grooves. One of the 
most important features of the new drive 
is that it eliminates belt-matching problems 
common to multiple V-belt applications. 

Belts and sheaves in a range of sizes are 
now in production, and the Poly-V drive 
is in the same general price range as 
V-belt transmission drives for comparable 
service. 


Self-Propelled Combine 


International Harvester Co., Chicago, IIl., 
has announced a new self-propelled combine 
in 10, 12 and 14-ft sizes, which it is 
claimed will save more grain due to an 
opposed-action, double-shake cleaning that 
prevents grain loss due to straw “bridging” 
or “piling up” between the chaffer and shoe 


sieve. Three-point separation, at concave, 
finger grate, and a large 21-sq-ft straw rack 
also helps to save more grain.. The ma- 
chine is equipped with a 6-cylinder, 60-hp 
engine and a new, variable-speed propulsion 
drive which provides 28 speeds ranging 
from 1 to 15 mph. 

Other features include extra strength at 
all points of strain, full-floating axle, dust- 
proof housing for transmission and differen- 
tial gears, and a lowered center of gravity 
and weight distribution to give the machine 
stability on slopes. Power steering and 
hydraulic brakes are available as_ special 
equipment. The machine is available in a 
rice model as well as a new “‘level-matic” 
hillside machine for level harvesting on 
steep slopes. (Continued on page 436) 
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HYDRECO 
C62 Power 


The famous HYDRECO Four-Bolt design 
Hydraulic Pump provides Oil Power on 
the John Deere No. 55 Self-Propelled 
Combine to position the Auger Plat- 
form and control the Variable Speed 
Drive. This model 1506 Pump delivers 
3.3 gpm at 1200 rpm with pressures 
to 1500 psi... other models to 130 gpm. 


Pressure Balanced wear plates 
maintain a fixed clearance be- 
tween wear plates and gear 
faces regordiess of pressure. 
This feature in HYDRECO 
Pumps and Motors minimizes 
oil slippage ond power loss... 
volumetric efficiency and me- 
chanical efficiency remain 
high! 


Build the hydraulic circuit around the de- 
pendability of HYDRECO components. 
More and more design engineers find this 
premise leads to successful performance 
in service whether the application be farm 
equipment, machine tools, materials hand- 
ling or construction machinery. 


HYDRECO Oil Power .. . Pumps, Motors, 
Valves and Cylinders have_one important 
characteristic in common .. . they’re de- 
pendable. And the engineering that con- 
tributes this dependability may be relied up- 
on to make significant contributions to your 
present and projected hydraulic problems. 


Write for brochures on HYDRECO 
Pumps, Motors, Valves and Cylinders. 


HYDRECO DIVISION 


THE NEW YORK AIR BRAKE COMPANY 
1107 EAST 222nd STREET CLEVELAND 17-OHIO 
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“Pressure-Creosoted fence 


posts 


last 3 to Sttnes longer" 


ee 


Z 


a wat 5S 


@ It’s true. Pressure-creosoted fence posts last 3 to 5 times 
longer than most types of untreated posts. And that long service 
life means money in the farmer’s pocket, not to mention the 
amount of valuable time and effort he’ll save by not having to 
repair and replace deteriorated untreated posts. 


In addition to extra-long service life, pressure-creosoted posts 
offer another very important advantage—they are unharmed 
by repeated grass fires, sustaining, at the most, only a minor 
surface char. 


For complete information about creosote, write to Koppers 
Co., Inc., Tar Products Division, Pittsburgh 19, Pennsylvania. 


KOPPERS COMPANY, INC., PITTSBURGH 19, PENNSYLVANIA 
Tar Products Division 
DISTRICT OFFICES: 
Boston, Massachusetts, 250 Stuart Street 
Los Angeles, 5, California, 3450 Wilshire Blvd. 
Pittsburgh, Pennsylvania, Koppers Building 


Woodward, Alabama 
Chicago, Illinois, 122 $. Michigan Avenue 
New York, N. Y., 350 Fifth Avenue 


All Standard Specifications 
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New Products and Catalogs 
(Continued from page 435) 


New Book on Silent Chain 


Link-Belt Co., 307 N. Michigan Ave., 
Chicago 1, Ill., announces that it has pub- 
lished a new 88-page book, containing de- 
tailed engineering data on their silent-chain- 
drive products, which will be sent to in- 
terested readers without charge. Requests 


for copies should specify book No. 2425. 


Pre-engineered stock drives for normal 
requirements are listed in one section, while 


another section outlines procedure for se- 
lecting completely engineered drives and 
includes an indexed table of service factors, 
rating tables, and chain length and center 
distance computations. Another section on 
drive components lists available chain 
widths; chain and wheel dimensions ; wheel 
tolerances, materials, and other pertinent 
data. There is a section on accessories 
covering casings and tensioners, and com- 
plete operational and technical data are in- 
cluded in the final section. 


Flexible Shaft Tree Girdler 


Stow Manufacturing Co., 39 Shear St., 
Binghamton, N. Y., has designed a flexible 
shaft especially for a new tool for girdling 
irees. athe liaynes tree girdling unit has a 


special high-speed cutting wheel that cuts at 
walking speed, cutting a smooth half-round 
girdle sufficient in width to insure killing 
the tree. By use of the flexible shaft, the 
engine can be mounted on a man’s back and 
transmit full power to the tool. 


(Continued on page 438) 
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Here’s why an AUSTIN-WESTERN power grader 


gives you 30% more power at the blade 


and twice the maneuverability 


We Peg 
HFRS 


Much of the time, All-Wheel Drive and All-Wheel Steer work as a team to provide CONTROLLED TRACTION. In this position, 
the rear drivers push behind the toe of the blade; the front drivers pull ahead of the heel of the blade, and the machine 
moves straight ahead with a load on its blade that would cause the ordinary grader to become unmanageable, 


On the ordinary front steer, rear drive motor grader, the 
front end is just that much dead weight which the rear 
end has to push around. Total weight is not the measure 
of motor grader operating efficiency. What counts is the 
useful working weight carried on driving wheels; all 
other weight consumes power, and is a definite handicap. 

On the Austin-Western Power Grader, there are no 
idling front wheels . . . no dead front end to consume 
power and decrease operating efficiency. All weight is on 
driving wheels—front and rear—contributing 100 percent 
to traction. Dynamometer tests, conducted with the 
greatest accuracy, have proved conclusively that with two 
graders of the same weight and horsepower, working in 


° 2 
Austin-Western 
Power Graders - Motor Sweepers 
Road Rollers - Hydraulic Cranes 
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first or second gear where real earthmoving is done, an 
all-wheel drive machine has 30 percent more power-at- 
the-blade than one with rear drive only. 

With its ability to steer both ends of the machine in 
the same direction or opposite directions, the Austin- 
Western Power Grader has twice the maneuverability of 
other graders; works around short-radius curves impos- 
sible for machines with front steer only; turns easily on 
narrow roads and trails, and maneuvers more closely 
around culverts, bridges and other obstructions. 

Spring and Summer, Fall and Winter, the A-W Power 
Grader outperforms all other motor graders . . . on all 
types of work, and under all conditions. 


Manufactured by 
AUSTIN-WESTERN COMPANY 


Subsidiary of Baldwin-Lima-Hamilton Corporation 
AURORA, ILLINOIS, U.S.A. 
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OU can fill all farm machinery requirements for 
wire rope and rope fittings from Upson-Walton 
—with products especially engineered for safety. 
Complete catalogs of wire rope and rope fittings 
available free on request. 


SHACKLES 


Drop forged steel— 
enameled or hot galva- 
nized—Chain or anchor 
types — Screw pinor 
round pin—From \%” to 
a. 


THE UPSON-WALTON COMPANY 


12500 ELMWOOD AVENUE .- 


New York 


MANUFACTURERS OF WIRE ROPE, FITTINGS, TACKLE BLOCKS—ESTABLISHED 1871 


Upson-Walton wire rope is 
available in all standard construc- 
tions, and ones particularly suited 
to farm machinery use. We wel- 
come an opportunity to work with 
you in selecting the wire rope for 
your equipment. Our long expe- 
rience in this field means better 


service for you. 


CLIPS 


Galvanized drop 
forged steel (as 
shown) — Malle- 
able iron enam- 
eled or galva- 
nized—For rope 
diameters: %” to 
1%”. 


THIMBLES 


Hot galvanized wrought 
steel — regular and 
heavy weights — For 
rope diameters from 
He” to 2”. 


Chicago ° 


TURNBUCKLES 


Drop forged steel, 
weldless—self-col- 
ored or hot galva- 
nized—with and with- 
out stubs, hook, eye, 
or jaw end fittings— 
Thread diameters 
%” to 2”. 


CLEVELAND 11, OHIO 


Pittsburgh 


New Products and Catalogs 
(Continued from page 436) 


Taper-Lock Roller Chain Sprocket 


Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich., recently expanded its 
stock taper-lock roller chain sprocket line by 
adding three larger pitches in single and 
double-hub types. These sprockets in both 
single and double-hub types are now avail- 
able for 1%, 1%4, and 2-inch-pitch chain. 


Only five bushing sizes are required to fit 
the newly expanded line. They are being 
stocked by Morse distributors in 54 bore 
sizes. Main advantages of the taper-lock 
design include fast delivery off-the-shelf 
from distributors without reboring, easy in- 
stallation, gripping of both standard and 
normally undersized shafts with the firmness 
of a shrink fit, compactness, safety because 
of no protruding flanges and_ reusable 
bushings. 


New Model Sprinkler 


National Rain Bird Sales & Engineering 
Corp., Azusa, Calif., announces develop- 
ment of a new sprinkler, to be known as the 
No. 30-W model, and claims that it will 
answer the problems of influence of wind 


on sprinkler irrigation, as well as exces- 
sive wear due to the abrasive action of 
dirty water. The sprinkler is equipped 
with new type bearings which incorporate 
a hood covering the upper part of the 
bearing. This hood keeps abrasive material 
out of the sprinkler while it is in opera- 
tion or lying on the ground. 


Cam Clutches Catalog 


Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich., will send on request to 
interested readers a copy of its new catalog 
(C12-54) describing Series 200 Morse cam 
clutches for indexing, overrunning and 
backstop machine-drive applications. It gives 
application data, typical installation draw- 
ings, and a complete table of specifications 
for seven models of clutches having torque 
ratings from 10 to 500 ft-lb and ground OD 
dimensions corresponding to standard 200 
series ball bearings in nominal sizes from 
14 to 3% inches outside diameter. 


(Continued on page 440) 
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Ask for G-E Motors 
_ and Control 
on all Electrified 
Farm Equipment 
you buy! 


NEW TYPE IRRIGATION PUMP 
INCREASES COTTON YIELD 


design deep well pump on Mr. Olsen’s farm. 


Mr. Eric N. Olsen of Fresno, Cali- 
fornia, sprinkler-irrigates his 75 acres of 
cotton with new design deep well pumps. 
“I've found that I get better use from 
the same amount of water since these 
new type pumps were installed, which 
means increased yield and additional 
profit,” says Mr. Olsen. 

These pumps raise the water from 
wells and drive it through the pipes and 
out the sprinkler system at better than 
40 pounds pressure, all in one operation. 


4g 


for All Dairy Farm a 


ae i 


LECTRIC 
yy 


MORE POWER TO THE AMERICAN FARMER through more electricity on the farm 


AUTOMATIC PUMP PROVIDES “CITY WATER SERVICE” 


New Water System Delivers Plenty of Fresh Water 
nd Household Needs 


Ask for G-E Motors 
and Control 
on all Electrified 
Farm Equipment 
you buy! 


Mr. Porter is shown with his labor-saving water system. He gets 300 gallon per hour capacity 
: with this pumping arrangement. 


This means no_ booster 
needed for sprinkling. 

Mr. Olsen's pumps are of the deep 
well turbine type, but they have a special 
impeller mounted in the pump head at 
ground level. This impeller does the 
work that would otherwise require three 
or four extra turbine bowls. These new 
sprinkler pumps are powered by de- 
pendable General Electric motors. For 
additional information check “deep well 
pump” on coupon. 


pumps are 


OREGON FARMER DOUBLES GROSS WITH SPRINKLER IRRIGATION SYSTEM 


Mr. Carl Sande, Star Route, Forest 
Grove, Oregon, one of the most success- 
ful crop farmers in the region says: 
“I double my gross profits by using a 
sprinkler irrigation system”. Mr. Sande 
irrigates 30 acres of land from a creek 
with the pump shown below. This pump 
supplies 360 gallons per minute at 70 
pounds pressure. It is driven by a G-E 
close-coupled 20 hp motor. The motor is 


Sprinkler irrigation gives uniform distribution 
of fertilizer while irrigating. 
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protected by arugged G-E motor starter. 
A big advantage is that Mr. Sande can 
have automatic starting and stopping of 
his irrigation since the pump is also 
equipped with a G-E time switch. He 
can put it on a new setting last thing at 
night and go to bed with confidence that 
the G-E time switch will shut it off at 
the predetermined time. For information 
check “sprinkler system” on coupon. 


_ Mr. Sande adjusts valve to feed right amount 


of ammonium sulphate into water. 


Mr. Alvan B. Porter and son Carl of 
Apulia, New York, never worry about 
having an adequate supply of fresh run- 
ning water available—their new fully- 
automatic water system provides “city 
water service” for all of their 55-acre 
dairy farm needs. As Mr. Porter says: 

“I'm thoroughly pleased with my 
pump’s operation and find it can take 
care of my barn and household needs 
without any strain. My cows have plenty 
of drinking water in front of them all 
the time. I hardly ever go near the pump 
—once in a while I look at the water- 
pressure gauge”. 

In addition to furnishing the daily 
water requirements for 28 head of live- 
stock, the Porters’ water system sup- 
plies drinking and household water for 
their 12 room house with inside bath. 

Powered by a G-E motor with built-in 
overload protection, this pump unit pro- 
vides ample water for cleaning barns, 
tractors, farm implements and the auto- 
mobiles. Mr. Porter washes his manure 
spreader every day and it still looks like 
new after three years of hard use. For 
more information check “water systems” 
on coupon below. 


GENERAL ELECTRIC COMPANY 

Section 330-1C, Schenectady 5, N. Y. 

| would like additional information on the 
following equipment. 

(] Automatic Water System 

(] Irrigation Pump 

(] Sprinkler System 

[_] How To Choose Your Motor 
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ADDRESS_ 
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And real procuction 
economy sense, too! 

The old axiom about 
“the chain and its weak- 
est link”’ still holds true. It 
takes top quality parts, all the 
way, to economically produce 
dependable equipment. Today’s 
market demands it ...and your product rating depends on it! 
It makes sense! 

Unitcast pours a complete range of top quality carbon and 
alloy steel castings up to 150,000 pound tensile strength. No 
matter what the end use . . . or whether your needs are twenty 
or twenty-thousand, Unitcast will deliver top quality all the 
way! Unitcastings, delivered in coordination with your pro- 
duction make sense! Call today! 

Take advantage of Unitcast’s foundry engineering services, 
too! Experienced technicians will help you originate . . . or 
convert present requirements to Unitcastings. No obligation, 
ask about this service! 


UNITCAST CORPORATION ~ Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


QUALITY 
STEEL 


CASTINGS 


New Products and Catalogs 
(Continued from page 438) 


New Dry-Type Micronic Air Filter 


Purolator Products, Inc., Rahway, N. J., 
have placed on the market a new dry-type 
micronic air filter for both gasoline and 
diesel engines. Similar in construction to 
the present Purolator micronic automotive 
filter for lubricating systems, the new filter 
is claimed to have many advantages over the 
standard type of air filter presently in use. 
Chief among these advantages are a higher 
degree of filtration, thereby reducing the en- 
trance of air-borne abrasives into an engine; 
a freer flow of air into the combustion 
chambers, and, since it is easier and cleaner 
to service, a greatly reduced serviceability 
time. 

The company claims this dry-type air filter 
will be a definite aid in helping to reduce 
engine wear to a minimum. 


Torque Limiter Catalog 


Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich., will send on request to 
readers a copy of its catalog (C14-54) 
describing Morse torque limiters, compact, 
adjustable slip-clutch devices that provide 
automatic overload protection for machinery 
drives. Complete design and operation in- 
formation is given in the catalog as well as 
specification tables for a line of eleven 
standard models having torque capacities 
ranging from 20 to 620 ft-lb. 


“Irrigation Digest" 
McDowell Mfg. Co., Pittsburgh 9, Pa., 
will on request gladly place any reader of 
AGRICULTURAL ENGINEERING On its mailing 
list to receive its bimonthly publication 
“Irrigation Digest.” 


General Duty Cam Clutches 


Morse Chain Co., 7601 Central Ave., 
Detroit 10, Mich., announces that a new 
line of general-duty, heavy-duty ball-bear- 
ing overrunning clutches has been added 
to their line of standard cam clutches. 
These self-contained units include two ball 
bearings that maintain concentricity of 


the inner and outer races, thus avoiding the 
need for additional bearings to support the 
ends of shafts that the clutches control. 

Typical drive applications of these 
clutches have alternate low wedge angle 
cam and roller construction and include 
high-speed overrunning and backstop (anti- 
rotation) applications as well as heavy-duty 
indexing. They can be used as indexing 
mechanisms in spring coilers, stock feeds 
and tire cross-grooving machines. Two-speed 
drives are typical overrunning applications 
for these clutches. They can also be used in 
heavy-duty backstop mechanisms. 
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Only Oliver offers so many “‘ most-wanted” 
advancements in a farm wheel tractor! 

Only Oliver builds both gasoline and 
full” diesel models in all power classes— 
2-plow, 2-3 plow, 3-4 plow, 4-5 plow. 

Only Oliver tractors are powered by 
smooth, 6-cylinder engines in all these big- 
tractor categories—2-3 plow, 3-4 plow, 4-5 
plow. 

Only Oliver provides six forward speeds 
in all three popular sizes—2-plow, 2-3 plow, 
3-4 plow. 

Only Oliver equips all its tractors with 
a really comfortable rubber spring seat at 
no extra cost. 

And, on all Oliver tractors are safe, long- 


lasting disc brakes, metered, low-pressure 
lubrication systems that save oil during the 
tractor’s entire life, and by-pass cooling 
that permits uniform warm-ups. 

Then, look what’s available for the great 


Row Crop line—an independently controlled 
Direct Drive Power Take-Off...a “‘ Hydra- 


e ®, lectric’”’ control system that includes wo:k- 
ing-depth adjustment from the tractor seat 
e ...and a full line of mounted tools that are 

Tee 


basically interchangeable among all three 
models. 

The only tractor for the modern farm is 
an Oliver! 


re 


The OLIVER Corporation F29-6 
400 West Madison Street 

Chicago 6, Illinois 

Please send me information on Oliver Tractors. 


(Please Print) 


Post Office..... ee Ds REAR 4 ink haben eee pactaire Bis 


OLIVER 


“FINEST IN FARM MACHINERY”’ 


Ree ...-County 


.nsssesenewoeeweeeeeeesooseeasooeeseocoesd 
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One of the assembly rooms where the 
various sizes of Acme Chains are as- 
sembled and securely riveted for a 
long useful life of trouble-free service. 


ACME'S 


Engineering 


Service 


AT YOUR COMMAND 


Whenever you are in doubt about engineering details in de- 
signing machinery in which Roller Chains are used, call us 
up. Our engineers will gladly work shoulder to shoulder 
with your designers to work out the details of sprocket, ratio, 
chain impact, tension, drive speed and other factors necessary 
to obtain the maximum efficiency and economy on your project. 

Our reputation has been built on the type of SERVICE 
you like — prompt — efficient — cheerful. Write or phone 
Holyoke 2-9458. 


for new illustrated 
76 page catalog on 
use and application 
of roller chains and 
sprockets, 
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Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Adams, James R.—Student in agricultural 
engineering, University of Tennessee, 
Knoxville, Tenn. (Mail) 235 So. Stadium 

Aldrich, Robert A.=—Instructor and junior 
agricultural engineer, Washington State 
College, Pullman, Wash. 

Baardson, Andrew B.—Dealer program di- 
rector, Harvestore Division, A. O. Smith 
Corp., Milwaukee 1, Wis. 

Bazzetta, James—Field engineer, Caterpil- 
lar Tractor Co. (Mail) Via Gennargentu 
20, Int. 9, Rome, Italy 

Bledsoe, Bobby L.—Layout draftsman, In- 
ternational Harvester Co. (Mail) RR 3, 
Dyersburg, Tenn. 

Blevins, Frederick Z.—Field representative 
of the technical service branch, Allied 
Chemical & Dye Corp. (Mail) 8-7 Ross 
Ade Dr., West Lafayette, Ind. 

Bohara, Kamalesh N.—Foreman, agricul- 
tural engineering section, Government of 
Madhya Bharat (Mail) Agricultural En- 
gineering Workshop, Madhya Bharat, 
Gwalior (India) 

Chancellor, William J.—Student, University 
of Wisconsin (Mail) RR 1, Mount Ho- 
reb, Wis. 

Cole, William R.—Manager, Fence Builders 
& Farm Construction, Inc. (Mail) 143 
S. Grant St., West Lafayette, Ind. 


Coleman, Leonard O.—Agricultural engi- 
neer (SCS), USDA, Brownfield, Tex. 
(Mail) 1002 E. Hester 


Crawford, Todd V.—2nd Lt., USAF (Mail) 
146% §S. Doheny Dr., Beverly Hills, 
Calif. 

Diamond, John L.—Sales development di- 
vision, Caterpillar Tractor Co., Peoria, 
Ill. (Mail) 221 Parish 

Dresser, John C.—Student at lowa State 
College, Ames, lowa (Mail) Box 313 
Friley Hall 

Easter, Ray C.—Student, Montana State 
College (Mail) Norris, Mont. 


Fridman, Harry L., Jr.—Service manager 
Clemente Santisteban, Inc., Box 891, San 
Juan, Puerto Rico 

Gehl, William B.—Experimental engineer, 
O. W. Kromer Co. (Mail) 4252 Chowen 
Ave., N., Robinsdale, Minn. 


Gustafson, Carl R.—Farm service director, 
Otter Tail Power Co., Fergus Falls, 
Minn. (Mail) 422 W. Vernon Ave. 

Hall, Warren A.—Assistant professor of 
irrigation, University of California, Davis, 
Calif. 

Haupt, Robert C.—Student, University of 
Nebraska (Mail) Cortland, Nebr. 

Helmreich, Fritz W.—Graduate student, de- 
partment of soil science, Michigan State 
College, East Lansing, Mich. (Mail) 376 
W. Shaw Hall 

Herrington, Jack D.—Architect, Agricultural 
Engineering Research, USDA. (Mail) 
3424 Tulane Dr., Apt. 12, West Hyatts- 
ville, Md. 

Hirzel, Rudolph W.—Graduate research 
assistant in agricultural engineering, 
Michigan State College, East Lansing, 
Mich. 

Jenkins, William H., IIl—Assistant shop 
superintendent, Southeastern Liquid Fer- 
tilizer Co., Albany, Ga. (Mail) 709 Flint 
Ave. (Continued on page 444) 


AGRICULTURAL ENGINEERING for June 1954 


Te, = een ee 
WG at So. ORE a a CS emi i Rs ic a eal at a 2 Ratha te MS - S a7 Mh SS, Sawa OY aye RTS Bo eae ae 
Be ee eee tie. p | es See Cay eM Gi TS Sema | A ens Ares ; eg . Sree a Sa ev cla ge a 
a: ee SoS ERR saa a ee. SIE SSN Coe ett Sa ee | een ee 
Pennie . of fc res x te ae eee ee Ne ey _ 7 bee yon. 9 teens eo, en Seer ee ae 
APs 03 a re ee aS ERNE Bes 5 ait 
sf ae ee ta ie 
ibe |e $ UR 
ae Wee 
a, Be ae 
7 ici . - - —— Sv _———— ee 
mie No. 5 - Precision Operations in the Manufacture of ACME Chains S| q 
+ Ei ‘ " . ‘ — | le Mes 
ih : & ff | ae f om ae 
aN ° i : f : j ‘ g : e ia 
; a: : q rm) ; if fa ome 
berks ~% ie; visealy Wi 4 q : : 5 aie 
ia ee é ! 4 4 ig wae, 
oe aimee . & ma oe Satire: 9 : err Bed 
en, 2 2s  - fe - ; oe eens cee eres ee ee oes 
oe io les a = Seema 2 : “ ae a ae big 
eens ‘a, eee re aN rent igs ore 1 pS 
ee * ene ys Mal ae eee ae Sem Cd ae 
a a, a a BS .. § ~~ cat af - a i Ewes 
Nas  * i es at ie ’ i. ee re =e 
eas * : sk : * ~ & y a Teer 
rates 7k fm oj ? a ay ae ; ee 
ea FT ae ei i 1 a” “aes 
oa : a a? aa : ‘ ap et OE Bae 
iy iy * Ve ve ae ey ok wae bi 4 af oe ay 
OR eS LPL a cee eS et wn f - ot ie 
aye be ee anaes. ; a = " Bs Bek 
ae rip Ca ye Bn ae ‘ ip , cor Be 
Be Seo! ay re ve oe , ‘hy oe ap 
eral Be . Be ey ~w’ apn Bor co ae at ie 
mae aire on ae ph, wae . be oe 
Re pass 4 fi Ra sa rita sae et \ z " ES a 
Men Be! y At s. . E agae Bian = a SR i ze ee a 
es Bah a aeiate Se! \ at = a0 
ne ees he ot see art eS bY * seats ae 
Brett Lee, Se cui) se ee oes 
ge Bey eg oe eae ag : - Sees 
are EN  e,. . aio aes 4 a oie 
cea ie ese eR ae Roe is aa aigiy bi - » eat: 
aie? Gare Oe ne ' ee - eS ail 
a eR B ea PS gt . tg 
ss a. 8|6§ ar 
gta a. 2) : = € Fb et sta 4 13 dieei 7 aa 2 
ee N os ea aw 43 25 Sees, ae * Bo ook —_— * 3 x S558 es hs 
eer Sr ae ee Ree ‘ * Re ae ” y ‘74 Pceag 
3 oo Mp Car Nelle Age Be <_ VEY ae eee es Se ns 
fe mis Le Oe Gf | Bae fe ot pee tay ot 
Rais ti Sa el Cl[ s.r SSS 3 aes 
fits nots , S a) fe Me RO — .. “ ~~ ; acu = 
te Fy te +3 wa ES Se oe a See os _ Wy ig er 
PEO St Po a) > ae Se | ee ae 
ares af Stee aoe et pes ‘ge, ih . we 
db PE we -. . i go F, i Be ee 
eS, ae P. \\ , ee e — _ aye Mia 
ie we a 5 7 f ete US ee - — ae a: Bog fy 
Fg ae ¥ <a oe 
ee 8 hy ORT a ese 
ey eed i . Oe Be aa 
he J NF x pact 
eb ex —)~ ie 
we Cae co 
At to > So — Fees 
5 on iy . M Bi fae 
iS. 9) Se a 
tie < & wr is poi 
oo ‘@) Wry a 
3 4 & Q No - b a& “ 
te ~ 2 aa es 
‘as =) Ss o 
Stas ¥ , , Sa 
7! % ‘ pit 3 = a) 
i's @ ~ es.) a sarees 
hase a 
ae iz 1 ree a 
“e apap eS oy . ae 
$6 Be) ay eee 
Bien Rag 3 
ee Ae Ta. 
Bay ee ae 
oe cg 
Bi des pcg 
eee Oger. 
See. See. 
et ae 
Toy tt ee 
Se oar ai 
ee, eae 
be. ae 
ie comes 
es ae 
bE SB Aecge a 
i> ae 
ee ane & 
; Liss * ee Zz 
aes eo: 
ise ee es 
ie ee aay 
ips Hay Br 
MA 6 oe 
aa is 7 a & tees 
ering, er ee : 
apie li ie: mS 
de ley i i saan weal se a ene ieee 
Rete oo ¥y H We ii fae Na : ¢ 4 ng eae 
By ea eee y : Pee tied CUR oa ae = 7 i fs Pa 
pe ee (leme ® ! a3 phil Ree ae tae eee | Fae STR oe: Ba 
ite ty Tram | | PRS Cote Apc, ee ey ee ee Bhs ey 
ea: (ha leat a ci BY Tig ah et ae as ¥/ Bee al ae 
ee Peet ee Seas a | ey 5 ee a g —aece ‘oe at 
AUS Sa:  Fielemecce Rcoieare' 4 ; ie 2 = ; : 
pe Re ets a pola age yy oO | ee ra: 
Nee OA ee « | Sos ait sie . ee a eee 
eee SA ge i. vg eM, Pa, 7 ae, Sor ble Ss 
Basia ara a oe | ane armen | ae ‘os ae 
pees ae Pas ve: Pr eee er aaa | | oe: aN i se 3 
aa ete — Sm pets a ieee ake ae 5 na A 
Baas A Ke ge el sn Be Dare Ty aE teeere sans 4s gor ae 
manent! % | Nae ig Fase fe whee So : SP iA, ope eta 
eR ees ai pag ; 3 , § tea ieee barre 
apes ee Ns ‘ t sha aa ea cape 
Pace P : 7 j oy ‘ ” ra 
oe Write vn | 5 git a ee = 
Faget: oo owt Seer aa 
Ber sleet mt a, ee 2 Ey oe MOLY ORE bet ner 
bat Me pa EME ye ee g ay 
ae Bee ie MRR MUSETTS . or) a 
x tah oy cir ee aes “Seon deem Bede, bet Spy Se 2s. ad ae 
aah J hs. -. " - 6 
Ne ae a 
Le ee eae 
ae aa ; ae, 
of Ma eae “se 
Ries Wes ae 
ons fie Tee 
a Sits? Ee ee 
Sp hes ae 
Bog Tere , : DENG Ce ae ees IS ‘la acl rahaia Sra t painter eee: t 
bast : we, TA ea similis OR eae fea ey ee POO Ser ¥ Bees Oe ay ees, em omer eM rete ih PRR hese he face 
pines : zi 
455 = 
Capes 
, if - ES 
TERRES 2 


I] 


ARMING METHODS 


are Your Common Goal... 


—" 
r 


PORTABLE SPRINKLER IRRIGATION 
Is One Of The Ways To Achieve This Goal 


Both you, and your local farm equipment dealer 
want to improve farming methods in your com- 
munity. One of the best ways to reach this goal is 
by planned production with portable sprinkler 
irrigation. Earlier crops and an extended growing 
season mean more plantings... ready for market 
as planned because with portable sprinkler irri- 
gation moisture is available precisely when needed 
to germinate seeds and encourage growth. Im- 
proved crop quality, increased yields and protec- 
tion against dry spells are some of the other 
advantages of portable sprinkler irrigation you can 
point out to farmers. 


COMBINE YOUR TALENTS 


Your agricultural knowledge is invaluable in ad- 
vising farmers on the best sprinkler irrigation 


practices to meet their needs. And, the experience 
of your local farm equipment dealer who sells 
Reynolds Aluminum Irrigation Pipe can be put to 
advantage, too, in designing a portable sprinkler 
irrigation system that meets the specific require- 
ments of the farmers you advise. 


. ACHIEVE YOUR GOAL 


Remember—when you work with a dealer who 
handles Reynolds Aluminum Irrigation Pipe, you 
work with a man who sells a quality product.Strong, 
light-weight, rustproof Reynolds Aluminum Irriga- 
tion Pipe is the /ifelineof a reliable portable sprinkler 
irrigation system. Cooperating, you and the dealer 
can achieve your common goal—planned production 
. . . a more profitable farming method for the 
forward-looking farmers in your community. 


S 


_———_— oon aera cee aaa eee ee ee ee ee ee ee 


Reynolds Metals Company, 2588 South Third Street 
Louisville 1, Kentucky 


\ 


~@ 


Write for your copy of this free 
booklet on portable sprinkler ir- 
rigation systems. 


Please send “More Income Per Acre,”” your new illustrated booklet on the 
application and advantages of portable sprinkler irrigation. 


Name___ 


Member of SA z ne é A R.F.D. or Street 
SPRINKLER IRRIGATION - 


ASSOCIATION Ee ee 
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Minnesota Welcomes You Applicants for Membership 


(Continued from page 442) 


Johnson, Boyd W.—Student, Montana State 
College (Mail) Choteau, Mont. 


Johnson, Lowell $.—Project engineer, J. I. 
Case Co., PO Box 1848, Stockton, Calif. 


Kruger, Warren E.—Student, Montana State 
College. (Mail) 565 6th Ave., Shelby, 
Mont. 

Larson, Orton E.—Student, North Dakota 
Agricultural College, Fargo, N.D. (Mail) 
C-2 N. Court 

Massey, William R.—Lab assistant in agri- 
cultural aviation research, Personal Air- 
craft Research Center (Mail) 1108 W. 
27th St., Bryan, Tex. 


To the 1954 ASAE Annual Meeting, June 
20-23, University of Minnesota, Minneapolis 


Most Specified.. .' ara 
Most Used... & 


is 


’ 


WISCONSIN co 


HEAVY-DUTY 


tr- Cooled 
ENGINES 


@ Specified as integral power units by more than 
500 original equipment manufacturers . . . 


Single cyl. 
3 to 6 hp. 


® Delivering dependable, efficient power on a 
greater variety of service applications than all other 
makes of engines combined, in a3 to 36 hp. range... 4-cycle single 


cylinder 
6 to 9 hp. 


® Supplying Most H. P. Hours of heavy-duty on-the- 
job power in all weather, all climates . . . Tapered 
roller bearings at both ends of the crankshaft, pre- 
venting bearing failure, are typical heavy-duty 
features... 


© Constantly demonstrating the outstanding effi- 2 cinder ©” at” 
ciency and trouble-free dependability of AIRCCOOL- _, Pode! 

ING ... No climate too hot, no climate too cold. ii 
4-cylinder 
These are some of the factors —" 
worth considering in the selec- 
tion of engine power for farm 
equipment. Detailed engineer- 
ing data and descriptive liter- 


ature on request. 


A> World's Largest | hilelacs 2 of Heavy-Duty A Air-Coo i taal Engines 


hares, HM Sate ee 


MILWAUKEE 46, WISCONSIN — 


” A 7433-12-IR 


Miller, Winford A.—Student, Oklahoma 
A. & M. College, Stillwater, Okla. 
(Mail) 610 Hester, Apt. 4 


Minshall, Neal €£.—Project supervisor 
(ARS), USDA, Madison 5, Wis. (Mail) 
4310 Tokay St. 


Minto, Stanley D.—Senior agricultural en- 
gineer, Overseas Food Corp. (Mail) c/o 
Experimental Station, O.F.C., Urambo, 
Tanganyika, E. Africa. 

Myers, Herbert A.—Graduate student and 
instructor in agricultural engineering, 
Iowa State College, Ames, Iowa 

Nelson, Irving J.—Agricultural engineer 
(SCS), USDA, Hot Springs, Mont. 
(Mail) Box 603 

Overstreet, Reading—Partner, Overstreet 
& Kininmonth Agricultural & Industrial 
Sales, Phoenix, Ariz. (Mail) PO Box 
2406 

Pira, Edward S.—Instructor in agricultural 
engineering, University of Massachusetts, 
Amherst, Mass. (Mail) Engineering An- 
nex 

Powers, Alfred X.—Instructor in agricul- 
tural engineering, University of Massa- 
chusetts, Amherst, Mass. 

Rogers, James H.—Plant maintenance en- 
gineer, Colgate and Palmolive Co. (Mail) 
1718 New Boston Road, Texarkana, Tex. 

Ruffini, Harry R.—Student, Texas A. & M. 
College (Mail) Av. Presidente Masarik 
123, Mexico City, Mexico 

Scheneman, Carl N.—Extension assistant 
professor of agricultural engineering, Co- 
lumbia, Mo. (Mail) 200 Agricultural En- 
gineering Bldg., University of Missouri 

Self, Neal W.—Product engineer, J. I. Case, 
Anniston Works, Anniston, Ala. 


Spellman, Clark P.—Director of area de- 
velopment department, Virginia Electric 
and Power Co., Richmond, Va. 


Stough, John M.—General manager, Hy- 
way Concrete Pipe Co., PO Box 226, 
Findlay, Ohio 


Sundberg, Charles W.=Project engineer, 
Armament Laboratary, Wright Air De- 
velopment Center, Wright-Patterson Air 
Force Base (Mail) 1007 Amherst PI., 
Dayton 6, Ohio 


Vilander, Dean R.—Student, State College 
of Washington (Mail) 2500 Broadway, 
Vancouver, Wash. 

Weaver, Homer A.—Agricultural engineer 
(ARS), USDA, Auburn, Ala. (Mail) PO 
Box 962 

Weiner, Ernest H.—Editor, Western Farm 
Equipment, 609 Mission St., San Fran- 
cisco, Calif. 

Williams, Oren R.—Sales manager, steel 
and coal department, Indiana Farm Bu- 
reau Cooperative Assn., Inc., 47 S. Penn- 
sylvania St., Indianapolis 9, Ind. 


Young, George D.—U. S. Army (Mail) 204 
S. Parker St., Bryan, Tex. 

Zakiyah, Adib M.—Agricultural engineer, 
Ministry of Agriculture, Damascus, Syria 
(Mail) Box 5217, College Station, 
Tex. 


Transfer of Membership Grade 


Garner, Warren E.—Assistant agricultural 
engineer, University of Georgia, Athens, 
Ga. (Associate Member to Member) 

Knight, St. Clair, Jr.—Agricultural engineer, 
Duke Power Co., Spartanburg, S. 
(Associate Member to Member) 


White, James W.—Agricultural research of- 
ficer, Central Experimental Farm, Canada 
Department of Agriculture, Ottawa, On- 
tario, Canada. (Mail) Agricultural En- 
gineering Section (Associate Member to 
Member ) 
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Aggregates should be clean, 

well-graded and carefully mea- 
sured. Even on small jobs the best 
way to measure aggregates is on 
a platform scale such as shown 
at the right. Use of a scale like 
this makes for quick, accurate 
measuring and for more uniform 
concrete from batch to batch. 


Concrete should be placed be- 

tween the forms in layers, ordi- 
narily not more than 6 in. deep. 
To insure even, dense, watertight 
concrete, tamp, spade or me- 
chanically vibrate the mixture just 
enough to settle it and to work it 
next to the forms along both sides. 


Quality concrete is essential to 

watertight walls for farm use. 
The first step is accurately meas- 
uring the water. If the mixer being 
used has no measuring device, 
mark off gallon quantities in a 
pail, Use no more than 5 gal. 
water per sack of cement with 
sand in average moist condition. 


ee eee P " 
bape 


ae 


A good concrete mix will look 

like the photo at the left. Note 
that the mix is quite stiff; yet be- 
cause of proper proportioning and 
mixing there is plenty of cement- 
sand mortar to fill all spaces be- 
tween coarse aggregates. Such a 
mix will produce dense, water- 
tight concrete for walls on farms. 


TE AT 2 


\ nee: 


* 
Br 


Cure the concrete adequately. 

This is a vital step in producing 
watertight walls. Adequate curing 
means keeping the concrete moist 
for at least 5 to 7 days under 
favorable curing conditions at 
temperatures well above freezing 
—longer during cold weather. 


Send for free, illustrated book,““Making Quality Concrete for 
Farm Improvements.” Distributed only in U. S. and Canada. 


PORTLAND CEMENT ASSOCIATION 


DEPT. 6-1, 33 W. GRAND AVE., CHICAGO 10, ILL. 


A national organization to improve and extend the uses of portland cement 
and concrete...through scientific research and engineering field work 
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DESIGNED 
, FOR 
DEPENDABILITY! 


That’s why Safeway Industrial Trucks are selected for 
SAFE, speedy material handling jobs. In addition, these 
versatile, low cost LIFT-MASTERS operate easily and 
economically in small areas. 

Specified as standard equipment on all models Cullman 
Rol er Chains propel the lifting tower—keep loads at 
required height. They also make possible such major 
improvements as higher load capacities, longer service life, 
and lower upkeep. 

On your products too, Cullman Roller Chains 
can achieve similar advantages, help deliver top 
performance. 

Write today or call in a Cullman man. We'll be 
glad to work with you. No obligation, of course. 


See our insert in Sweet’s 
Catalog for Product Designers, 
or write for catalog No, 51. 


ullman 


POWER TRANSMISSION 


ROLLER CHAINS AND SPROCKETS 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 
CULLMAN WHEEL COMPANY, 1346 ALTGELD STREET, CHICAGO 14, ILLINOIS 
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PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
still current and previously reported are not re- 
peated in detail; for further information see the 
AGRICULTURAL ENGINEERING indicated. 


POSITIONS OPEN —- JANUARY — O-488-549, 
491-550, 494-551. FEBRUARY — 0-19-602. 
MARCH — 0O-65-603, 66-604, 67-605, 62-608, 
74-609. APRIL—-O-90-613, 98-614, 106-615, 102- 
616, 116-617, 134-618. MAY—O-131-619, 149- 
620, 150-621, 151-622, 155-623, 108-624, 162-625, 
173-626. 


POSITIONS WANTED — 1953 — DECEMBER — 
W-405-80, 451-87. 1954--JANUARY—W-456-88, 
490-90, 484-91. FEBRUARY—W-5-102, 20-103, 
24-105, 25-106, 45-107, 46-108. MARCH—56- 
112, 54-113, 37-116, 64-117, 78-118. APRIL— 
W-86-119, 84-120, 96-122, 93-123, 109-124, 124- 
125, 125-126, 107-127. MAY—-W-122-128, 146- 
129, 128-130. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEER, junior or in- 
termediate vocational instructor. Age 25-45. 
BS deg in agricultural engineering or equivalent 
required. Higher degree preferred. Farm back- 
ground and some experience in farm equipment 
industry, teaching, or research. Good personal- 
ity, ability to cooperate and get along well with 
others, and imagination to develop outstanding 
program. Emphasis on practical instruction 
using 3000-acre college farm as a laboratory. 
Applicants should be qualified to teach field 
operation, adjustment and maintenance of farm 
machinery, and courses for agriculture teachers 
in summer session. Opening effective Septem- 
ber 1. Salary range $3900-4740 or $4512-5496, 
according to rank, training and experience. 
O-180-627 


MIDWEST CORPORATION with over 50 
years experience wants promotional and devel- 
opment man to head well established and com- 
plete line of crop drying equipment. Position is 
one of top men in firm with excellent pay and 
profit sharing plans. Write giving a brief de- 
scription and background of experience. 
O-181-628 


How to Build 


Feed-Saving, 
Low Cost Silos 


with 


SISALKRAFT 


AGRICULTURAL ENGINEER for design and 
development work with Midwest manufacturer. 
Excellent opportunity for experienced, qualified 
individual possessing executive value for engi- 
neering responsibility. Age 35-50. Salary open, 
depending upon experience and qualifications. 
O-197-629 


AGRICULTURAL-MECHANICAL ENGINEER 
for research field. Interested or experienced in 
determining the relationships between soils and 
vehicles with respect to vehicle mobility re- 
search. Mathematical facility desirable. Must 
have the ability to analyze reports, data and 
other material; write technical reports; make 
presentations in a concise, simple form to the 
board of governors. Should have initiative, 
dependability, good judgment. Salary open, 
depending on qualifications. O-198-630 


AGRICULTURAL ENGINEER (assistant pro- 
fessor) to teach farm power and machinery and 
farm structures in a southern land grant uni- 
versity. Age 25-35. BS deg in agricultural en- 
gineering, or equivalent. Advanced degree and 
some experience desirable. Good opportunity for 
advancement O-182-631 


JUNIOR PRODUCT ENGINEER for devel- 
opment, improvement, field testing and prepa- 
ration for production of farm machinery, in- 
cluding forage harvesters and other feed han- 
dling and processing equipment. Location, New 
York State. Age 22-30. Degree in agricultural 
or mechanical engineering, or both. Livestock 
farm background, familiarity with use of ma- 
chinery and previous employment in farm 
equipment engineering desirable. Intelligence, 
good health, and ability to work with factory, 
office, and farm personnel. High mechanical 
aptitude, with sound knowledge of engineering 
principles. Good opportunity for eventual ad- 
vancement to chief product engineer. Reliable, 
long-established company in rural area. Salary 
$4200-5200 plus share in profits and other bene- 
fits. O-200-632 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for design and 
development wora with manufacturer, prefer- 
ably in Northeast. Willing to travel. Married. 
Age 34. No disability. BS deg in agricultural 
engineering, 1949, Pennsylvania State College. 
One year on design and development of manure 
loader. Service engineer 3 yr with farm ma- 
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Write for instruction folder. 


open. 


development, 


training in soils, 


turai engineer one year, 


Temporary Upright Silos — Sisalkroft 4 mF eo ee 
is used to line the sides of wire or wood . —— 
fencing. Can be built in ten easy steps. 


Tough, waterproof, airtight Sisalkraft 
protects feed from air, rain, and sun- 


chinery distributor. 
W-115-131 


AGRICULTURAL ENGINEER for design, 
or research in power and ma- 
chinery or soil and water field, with manufac- 
turer, processor, or consultant in Midwest or 
Southwest. Interested in further training for 
management. Married. Age 24. No disability. 
BS deg in agricultural engineering, 1952, Okla- 
homa A & M College. Farm background. Sur- 
veying and land development work 10 wks. 
Commissioned service in U.S. Air Force, 2 yr in 
August, in administration and management on 
a classified research and development project. 
Available September 1. Salary $5000. W-159-132 


TEACHER OF INDUSTRIAL MANAGE- 
MENT or education for industry, with federal 
agency or college, preferably in North or East. 
Single. Age 24. No disability. BS deg in 
agriculture with major in agricultural engineer- 
ing, 1951, MA deg in education with major in 
education for industry, 1952, University of 
Maryland. Farm background. Part time lab- 
oratory assistant, 2 yr., University of Mary- 
land. Active commissioned service over 2 yr., 
U.S. Air Force, with duty as adjutant, person- 
nel officer, investigator, and production control 
officer. Available in August. Salary open. 
W-164-133 


AGRICULTURAL ENGINEER with special 
for design, development or 
research in soil and water field, or surveying, 
with industry, anywhere in U.S.A. Single. Age 
24. No disability. MS deg in agricultural en- 
gineering, 1953, University of Agriculture, 
Vienna, Austria. MS deg in soils expected in 
August, Michigan State College. Experience 11 
mo with department of drainage, irrigation and 
flood control, Government of Lower Austria. 
Available September 1. Salary $4000. W-169-134 


AGRICULTURAL ENGINEER for design, 
development or research in power and ma- 
chinery, with public service or industry. Mar- 
ried. Age 29. No disability. BS deg in 
mechanical engineering, 1949; MS deg in agri- 
cultural engineering, 1951, King’s College, Uni- 
versity of Durham, England. Shop work with 
manufacturers of farm equipment and aircraft, 
2 yr. Soil conservation officer 2 yr and agricul- 
with department of 
conservation and extension, Southern Rhodesia. 


Available now. Salary 


War service in RAF as pilot of flying boats. 


Available in October. Salary open. W-141-135 


(Continued on page 448) 
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Stack or Box Silos — Feed stored on 
hard-surfaced floor with reenforced walls. 
Top completely covered with Sisalkraft in 
5, 6 or 7 foot widths. 


damage. Its steel-strong reenforcing 
makes it sturdy, hard to tear, long- 
lasting, low cost building material. 


Here are examples: 


For Permanent Silos, Sisalkraft 
makes effective airtight seals for tops 


and for doors. 


Other money-saving Sisalkraft uses: 
protecting machinery and equipment 
from rain, making buildings weather- 


tight, membrane between fill and 
concrete slab, for covering new con- 


crete. 


Trench Silos — Sisalkraft covering the 
top holds surface spoilage to minimum. 


7” AMERICAN SES ALKRAFT corRPORATION 
Dept. AE-6, Attleboro, Mass. + Chicago 6, Ill. » New York 17,N. Y. + San Francisco 5, Calif. 
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WRITE US FOR CATALOG 


sprinklers you buy. 


Our research and 
planning department is at 
your service. Consult us 
today without obligation. 


A Wheel for Every Job! 


Our engineers will recommend the most 
efficient and economical wheel and axle assembly for 
your unit. We invite your inquiries. 


ELECTRIC WHEEL CO. 
2806 SPRUCE, QUINCY, ILLINOIS 


RAIN BIRDS, Set the pace for Performance 


More farmers use Rain Birds than any other 
sprinklers. Why? Rain Birds’ simplicity of 
design and unexcelled performance answer 
today’s irrigation requirements. For your pro- 
tection look for the name “RAIN BIRD” on the 


Be sure the sprinkling system you get meets 
American Society of Agricultural Engineers 
standards and fits your needs exactly. 


Member Sprinkler Irrigation Ass'n. 


NATIONAL RAIN BIRD 
ALES & ENGINEERING CORP. — 
(AZUSA, CALIFORNIA 
RAINY SPRINKLER SALES 


609 WEST LAKE ST., PEORIA 5, ILLINOIS — 
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SILENTBLOC 


BEARINGS AND MOUNTS 


-_— 


Eliminate Lubrication 
Reduce Vibration 


Bushings and bearings using the Silentbloc 
principle correct misalignment and provide 
torque and oscillating action...with no lubri- 
cating required! In «ddition, General Tire 
Silentbloc mounts are ideal for reducing the 
jolts and vibration which shorten the life 
of farm machinery and make maintenance 
a nightmare. 

All Silentbloc applications can be custom 
designed and produced at our plant in any 
type metal and rubber. For a quick appraisal 
of your problem send us your requirements 
on your company letterhead. For further 
information just fill out the coupon below. 


* From Yams to Products mw 


The General Tire & Rubber Company 
industrial Products Division 
Wabash, Indiana 


(-] Send literature on Silentbloc products 
([] Have your representative contact us 


 — 
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GEARS 


of every description — 
made to your specifications 


The gears you buy from E. B. Sewall are made 
by men who are fussy about specifications. 
They've got the finest equipment and know 
how to use it. If you specify .0002” tolerance, 
you get it—at each tooth on every gear we 
ship. We're in a brand new plant, equipped 
to handle your gear requirements. Send 
specifications and quantity for our quotation. 


Your inquiry will be answered promptly 


E. B. Sewall Mfg. Co., 702 Glendale St., St. Paul 14, Minn. 
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Editorial Position 


Well-established technical magazine is seek- 
ing graduate engineer under 45 years of age, 
with farm background, to fill responsible 
editorial position. Must have ability to do 
technical editing, as well as original writing, 
rewriting, and abstracting. Location Midwest. 
Position permanent. Good opportunity for 
advancement to larger editorial and general 
publishing responsibilities. Send complete 


resume of experience, education, salary re- 


quired, and references. Address Box ED-554. 


AMERICAN SOCIETY OF 


AGRICULTURAL ENGINEERS 


ST. JOSEPH, MICH. 


AGRICULTURAL ENGINEERING for June 1954 
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Left-hand reel of rake 
uses snap-ring retained 
New Departure inside, and 
self-sealed type outside. 


Each tooth bar uses two 
New Departure ball bear- 
ings — one of which pro- 
vides closure for the unit. 


Two self-sealed New De- 
portures assure full pro- 
tection from dirt or loss 
of lubricant in right reel. 
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THEY SPECIFY 
NEW DEPARTURE BALL BEARINGS 


In Case’s No. 100 Side Delivery Rake, 20 New Departure 
ball bearings simplify design, help reduce manufacturing 
costs . . . keep service requirements to a minimum. In both 
left- and right-hand reels the New Departure bearings 

are snap-ring-located, providing positive shaft location and 
avoiding unnecessary machining costs. Outer bearings 

are sealed type for additional protection from dirt or loss 

of lubricant. On each of the eight tooth bars, New 
Departures provide similar economies and protection for 
long-life operation. 


Learn the advantages New Departure ball 
bearings can bring to your farm equipment. 


VEW DEPARTURE 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 


How Allis-Chalmers Handles Heavy 
Combination Loads in a Harvester Drive 


N this Allis-Chalmers harvester the drive comes from 

the main harvester through the vertical shaft and goes 
out the horizontal shaft to drive the cylinder and the head- 
er through the V-belts. 

One ot the problems for Allis-Chalmers engineers was 
mounting the gear shafts. They turn at fairly high speeds, 
750 rpm, and the loads are heavy enough to make ordinary 
bearings fail in a short time. 

‘lo meet these conditions, Allis-Chalmers mounted the 
shafts on Timken® tapered roller bearings. The bevel gears 
develop heavy thrust loads as well as radial loads. Timken 
bearings take these combination loads because ot their 
tapered design. No additional thrust devices are required. 
Timken bearings hold the gears in accurate alignment 
which reduces gear wear, forestalls trouble. 

These gears run in a bath ot oil, so good bearing clo- 
sures are especially important. Timken bearings hold the 


shafts concentric in their housing; this makes for more 
effective closures. Oil can’t leak out or dirt get in. 

Dirt and combination loads are two important problems 
Timken bearings help solve. A third: ease of operation. 
Timken bearings cut friction to a minimum, make equip- 
ment run smoother and last longer. 

Do you have our helpful booklet “Tapered Roller Bear- 
ing Practice in Current Farm Machinery Applications’? 
Write for a free copy. The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: ‘“TIMROSCO”. 


The farmer's assurance Tapercd | 
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